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Y Send us your letters to edittorial-bbccearrth@reggentmmeedia.sg

Experts in this issue…

Colin Stuart is an astronomy writer and 

co-author of the The Geek Guide to Life. 

He was awarded runner-up in the 2014 

European Astronomy Journalism Prize, 

and is a Fellow of the Royal 

Astronomical Society. (p32)

Professor Yujin Nagasawa specialises in 

the philosophy of religion, the philosophy 

of mind and applied philosophy at the 

University of Birmingham. He is the 

author of Maximal God: A New Defence of 

Perfect Being Theism. (p54)

Kat Arney is a science writer, 

broadcaster, author and harpist based 

out of London, U.K. Her book Herding 

Hemingway’s Cats: Understanding How 

Our Genes Work is out now. (p60 and 

p76)

Giles Tremlett is a journalist, author and 

historian based out of Madrid, Spain, 

and has written for The Guardian and 

The Economist. In 2012, he was voted 

Correspondent of the Year by the 

Madrid International Press Club. (p62)
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WELCOME

On 5 September 2017, NASA celebrated 40 years of the 

Voyager 1 and 2 spacecrafts. What makes this event 

remarkable is that it is a celebration of humanity’s 

farthest and longest-lived mission. It marks yet 

another landmark in the ability of our kind to venture 

beyond the confines of our own planet and blaze trails 

with hard work, perseverance and innovation. The 

Voyager 1 also went on to become the first human-

made object to enter interstellar space. In our cover 

story this month, we find out how it may further help 

us understand the birth of stars, dark matter, and the 

origins of life. (p32)

Space will never cease to amaze, and the Great 

American Eclipse of 2017 is yet another example of 

this. This total eclipse, one that could be exclusively 

seen from the U.S., was a rare and mesmerising 

phenomenon. Find out more in our story on the 

spectacle on page 68.

Perhaps the best way to expand ourselves and our 

minds is to dare to tread on paths less taken. Much 

like in life, we hope that with every page you flip in 

our magazine, you find something that inspires you. 

From decoding the concept of panpsychism – the 

idea that all matter is conscious (p54) – to the ancient 

adaptations of the grey fox (p62), there is much in here 

to discover. 

We hope you enjoy reading it as much as we did 

curating it!

IIMMPOOORRTAANNTTT CCHHANNGEE:
The licence to publish this magazine was acquired 

from BBC Worldwide by Immediate Media Company 

on 1 November 2011. We remain committed to making 

a magazine of the highest editorial quality, one that 

complies with BBC editorial and commercial guidelines 

and connects with BBC programmes. 

The BBC Earth television channel is available in the following 

regions: Asia (Cambodia, Hong Kong, Indonesia, Malaysia, 

Singapore, South Korea, Thailand, Taiwan)

Know more. Anywhere.

SCIENCE • HISTORY • NATURE 
FOR THE CURIOUS MIND

BBC Earth Magazine provides trusted, independent advice and information that 

has been gathered without fear or favour. When receiving assistance or sample 

products from suppliers, we ensure our editorial integrity and independence 

are not compromised by never offering anything in return, such as positive 

coverage, and by including a brief credit where appropriate.

Y We welcome your letters, while reserving the right to edit them for length and clarity. By sending us your letter you permit us to publish it 
in the magazine and/or on our website. We regret that we cannot always reply personally to letters.

www.facebook.com/BBCEarthMagAsia“LIKE” US ON FACEBOOK!

Akanksha Nair 
akanksha@regentmedia.sg 
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A golden eagle grapples with a 

drone in an aerial battle above an 

airbase in southwestern France.

Four golden eagles have been 

trained by the French military to 

tear invading drones from the sky. 

D’Artagnan, Athos, Porthos and 

Aramis (named after characters 

from The Three Musketeers) were 

hatched out and fed on top of 

drones, to create an association 

between food and the flying bots. 

It takes around eight months to 

train the eagles, with a chunk of 

meat given as a reward after each 

successful capture.

The unusual technique has been 

adopted amid worries about rogue 

drones being used to spy or launch 

attacks on French soil, after drones 

flew over the Élysée Palace in Paris 

and a restricted military site in 

Brittany in 2015.

The musketeers have created 

such a buzz that the French air 

force is reported to have ordered 

a second brood of avian allies, 

expected to begin training this 

summer.

PHOTO: Getty

Hunting 
Machines
Mont-de-Marsan, France
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Dubbed the Exosuit, this 

‘atmospheric diving suit’ was 

made by Canadian undersea tech 

specialists Nuytco Research Ltd.

The suit is made from 

hardwearing aluminium and 

is most commonly used for 

construction and maintenance 

work in marine oilfields around 

the world. However, it was 

recently shipped to the Greek 

island of Antikythera to explore 

the wreck of a 2,000-year-old ship 

– the site where the mysterious 

mechanical astronomical device 

known as the Antikythera 

mechanism was found in 1902.

An internal pressure regulation 

system fitted inside the suit 

allows divers to reach depths of 

up to 300m without the risk of 

decompression sickness, and 

there’s also enough oxygen on 

board to keep someone breathing 

for up to 50 hours – though dives 

typically don’t last more than a 

few hours.

PHOTO: National Geographic

Suits 
you, sir!
Vancouver, Canada

8 Vol. 9 Issue 10



9Vol. 9 Issue 10



r g g

s g g g

w g

g

c o a es a d ad o a es.

g g

t p p  

( pp

) ( -

t ) (

N g

t g g

g g  

g  

g g

g

r g

g

t y

t p

g

A j p  

t p p  

CG

38 005 e e used o ca cu a e a e ed 

,  

g

co s a s a ed a e e as o o er 

w p

t g

p p

,

O O  S / SA

TEXT: g y

Phenomena across the Universe emit 

radiation spanning the entire electromagnetic 

spectrum — from high-energy gamma rays, 

which stream out from the most energetic 

events in the cosmos, to lower-energy 

microwaves and radio waves.

The two galaxies shown here, imaged by 

the NASA/ESA Hubble Space Telescope, are

named MCG+01-38-004 (the upper, red-tinted 

one) and MCG+01-38-005 (the lower, blue-

tinted one). MCG+01-38-005 (also known as 

NGC 5765B) is a special kind of megamaser; 

the galaxy’s active galactic nucleus pumps 

out huge amounts of energy, which stimulates

clouds of surrounding water. Water’s 

constituent atoms of hydrogen and oxygen

are able to absorb some of this energy and 

re-emit it at specific wavelengths, one of which

falls within the microwave regime, invisible 

to Hubble but detectable by microwave 

telescopes. MCG+01-38-005 is thus known as 

a water megamaser!

Astronomers can use such objects to probe

the fundamental properties of the Universe.

The microwave emissions from MCG+01-

38-005 were used to calculate a refined

value for the Hubble constant, a measure

of how fast the Universe is expanding. This

constant is named after the astronomer 

whose observations were responsible for 

the discovery of the expanding Universe and 

after whom the Hubble Space Telescope was 

named, Edwin Hubble.

PHOTO: ESA/Hubble & NASA

TEXT: European Space Agency

Hubble’s 
Megamaser 
Galaxy
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“The veiled chameleon on its own 
is beautiful to behold. Here its 
natural colour is set off by the forest 
environment captured in the photo, 
which makes it easier to appreciate 
with the naked eye.” – Tapan Sheth
Photo Credit: Tapan Sheth
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The Wildlife Reserves Singapore hosted 

its inaugural wildlife photography competition 

in 2017. The competition, titled Through the 

Lens welcomed professional and aspiring 

photographers from across five countries 

in Asia, namely India, China, Indonesia, 

Malaysia, and the Phillipines. Tapan Sheth 

from India was declared the winner on 23 

August 2017, with his entry receiving close 

to one thousand votes on social media. 

The entry captured a veiled chameleon in 

Singapore’s newest exhibit, RepTopia. 

THROUGH 

Highlights from Wildlife Reserves Singapore’s Inaugural 
Wildlife Photography Competition 2017
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LLEEFTT: Runner-up Fan Li 
Fang from China captured 
two greater flamingos 
feeding peacefully in the 
waters surrounding the 
Zoo’s Gibbon Island 
Photo Credit: Fan Li Fang
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TTOOP: Runner-up Silver Vito 
Nino Andrada from the 
Phillipines snapped this vivid 
shot, submitted in the ‘cute’ 
category  for the competition 
Photo Credit: Silver Vito 
Nino Andrada
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WRS manages four award-winning wildlife 

attractions – Jurong Bird Park, Night Safari, 

River Safari, and Singapore Zoo. Ms. Isabel 

Chang, Chief Marketing Officer, Wildlife 

Reserves Singapore says about competition, 

“Their images caught so many beautiful 

moments and it’s been fascinating to see the 

different stories captured by each participant 

through their lens – influenced by the natural 

landscapes from their own country.”

The contest was launched for the first 

time this year by WRS, in partnership with 

local photography groups. The entries 

were submitted as per allotted categories, 

such as cute, humorous, animals close-

up, meaningful and park icons. “I wanted 

to capture the physical attributes of the 

animals in detail, and most importantly, in 

an angle that intrigues the viewer to look 

beyond the surface of an image” says 

Tapan. In this spread we curate for you 

some of the highlights from the event. 

RRIIGGHHHTHTT:: 
Jurong Bird Park’s 

animal icon, 
the hornbill, is 

representative of the 
conservation efforts 

in place to protect 
all threatened bird 
species sheltered 

in the Park. 
Hornbills are mainly 

threatened by 
hunting – for their 

casques, the horns 
above the beaks 

– and habitat loss 
from deforestation 

Photo Credits: 
Tapan Sheth

TTOTOOOPOPP:: 
Submitted under 
the ‘meaningful’ 

category, a mother 
cradles her baby 

orangutan, one of 
Singapore Zoo’s most 

iconic animals, as 
well as its flagship 

species 

16 Vol. 9 Issue 10
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“NORTH AFRICA 

HAS LONG BEEN 

NEGLECTED IN 

THE DEBATES 

SURROUNDING 

THE ORIGIN OF 

OUR SPECIES”

Until recently, most experts thought that 

modern humans had evolved between 

150,000 and 200,000 years ago, with the 

earliest known fossils found at sites in 

Ethiopia. It was not until new research was 

published in Nature in June that we have 

compelling fossil evidence to suggest that 

the evolution of our lineage is deeper rooted 

than previously thought, and not confined 

to East Africa. 

Now dated to about 300,000 years ago, 

the assemblage of human fossils from 

Jebel Irhoud represents the earliest known 

examples of Homo sapiens. However, it is 

not yet known how peripheral the Irhoud 

population would have been. Populations of H. 

heidelbergensis, H. rhodesiensis and  

H. naledi were living contemporaneously in 

central and southern Africa and it is likely that 

there were other populations of early  

H. sapiens elsewhere in Africa at this time. In 

light of this new chronology, and combined 

with the mixture of traits in the Irhoud fossils, 

it’s possible that still earlier fossils from sites 

in Morocco and Tanzania might represent an 

even more primitive form of our species.

While molecular evidence suggests the 

ancestors of modern humans may have 

diverged from Neanderthals at least 500,000 

years ago, and early Neanderthals from 

430,000 years ago have been identified 

from Sima de los Huesos in Spain, equivalent 

specimens from the modern human lineage 

had yet to be identified. The Irhoud fossils 

are contenders for this position. The clear 

anatomical differences between the Irhoud 

and Sima specimens suggest the two lineages 

were diverging rapidly, even though they lie 

relatively close to the date of their projected 

common ancestor. Intriguingly, both the Sima 

and Irhoud fossils do not display the full suite 

of features present in later representatives of 

their respective species. This has interesting 

implications for understanding how and in 

what order these anatomical features evolved 

over the last half a million years.

CHRIS STRINGER AND JULIA GALWAY-WITHAM
RESEARCHERS AT THE NATURAL HISTORY MUSEUM

E X P E R T  C O M M E N T

A fossilised jawbone from 
the oldest Homo sapiens

19Vol. 9 Issue 10

A cache of newly discovered fossils unearthed from a 

disused mine in Morocco has cast doubt upon the 

commonly held belief that Homo sapiens arose in East 

Africa 200,000 years ago.

The remains of several individuals, along with a 

collection of stone tools and animal bones, were found at 

the Jebel Irhoud archaeological site in Morocco. Using 

state-of-the-art dating techniques, a team at the Max 

Planck Institute in Leipzig estimates that the bones date 

back about 300,000 years, making them the oldest 

securely dated fossil evidence of our own species.

Previously, the oldest Homo sapiens fossils were 

found in Omo Kibish in Ethiopia and were estimated to 

be 195,000 years old. Until now, it was widely believed 

that all humans descended from a population that lived 

in East Africa around 200,000 years ago.

“We used to think that there was a cradle of mankind 

200,000 years ago in East Africa, but our new data reveal 

that Homo sapiens spread across the entire African 

continent around 300,000 years ago. Long before the 

out-of-Africa dispersal of Homo sapiens, there was  

dispersal within Africa,” said researcher Prof Jean-

Jacques Hublin.

The team used highly accurate 3D scans and 

statistical shape analysis based on hundreds of 

measurements to show that the facial shape of the Jebel 

Irhoud fossils is almost indistinguishable from that of 

modern humans. However, they found that the craniums 

of the Jebel Irhoud fossils have an elongated braincase 

– a feature more common in early Homo species.

“The inner shape of the braincase reflects the shape of 

the brain,” said researcher Dr Philipp Gunz. “Our findings 

suggest that modern human facial morphology was 

established early on in the history of our species, and 

that brain shape, and possibly brain function, evolved 

within the Homo sapiens lineage.”

“North Africa has long been neglected in the debates 

surrounding the origin of our species,” said researcher 

Abdelouahed Ben-Ncer. “The spectacular discoveries 

from Jebel Irhoud demonstrate the tight connections of 

the Maghreb [a region of northwestern Africa] with the 

rest of the African continent at the time of Homo sapiens’ 

emergence.”

Homo sapiens bones have been unearthed 

in Morocco dating back 300,000 years, 

challenging the idea that we first evolved in 

East Africa 200,000 years ago

ANTHROPOLOGY

Reconstructions of the 
first Homo sapiens
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Struggling to get your creative juices flowing?  

A team from Queen Mary University of London may 

have a solution – zap your brain with a blast  

of electricity.

The researchers found that temporarily 

suppressing the activity of the left dorsolateral 

prefrontal cortex (DLPFC), an area of the brain 

involved in most of our thinking and reasoning, can 

boost our ability to “think outside the box”.

They used a technique called transcranial direct 

current stimulation (tDCS), to pass a weak electrical 

current through electrodes positioned on the head 

to alter the function of the DLPFC. Depending on the 

direction of the current flow, DLPFC was either 

temporarily suppressed or activated. When it was 

suppressed, the participants performed better at 

‘matchstick problems’ – puzzles involving the 

rearrangement of geometric patterns of matchsticks 

designed to test lateral thinking.

“We solve problems by applying rules we learn 

from experience, and the DLPFC plays a key role 

in automating this process,” said researcher Dr 

Caroline Di Bernardi Luft. “It works fine most of 

the time, but fails spectacularly when we 

encounter new problems which require a new 

style of thinking – our past experience can indeed 

block our creativity. To break this mental fixation, 

we need to loosen up our learned rules.”

However, the boost in creativity came at a cost, as 

the participants got worse at solving problems that 

demanded a better use of memory. 

“These results are important because they 

show the potential of improving mental functions 

relevant for creativity by non-invasive brain 

stimulation methods,” said Luft. “However, our 

results also suggest that potential applications of 

this technique will have to consider the target 

cognitive effects in more detail rather than just 

assuming tDCS can improve cognition as claimed 

by some companies which are starting to sell 

tDCS machines for home users.

“I would say that we are not yet in a position to 

wear an electrical hat and start stimulating our brain 

hoping for a blanket cognitive gain.”

CREATIVITY BOOSTED WITH  
ELECTRIC BRAIN STIMULATION

To stimulate the 
brain, electrodes 

are soaked in 
saline before 

being attached to 
the scalp 

NEUROSCIENCE
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You certainly wouldn’t want this turning up 

in your risotto ai funghi: researchers from 

the University of Illinois have found a 

mushroom fossil that’s 115 million years old 

– the oldest discovered to date.

The ancient fungus began life on 

supercontinent Gondwana but ended up in 

northern Brazil when the Earth’s tectonic 

plates shifted. Somehow it made its way to 

the bottom of a salty lagoon where it was 

covered in many layers of fine sediment. In 

time, its tissues were replaced by pyrite, or 

fool’s gold, which later mineralised into 

goethite to create the fossil.

“Most mushrooms grow and are gone 

within a few days,” said researcher Sam 

Heads, who discovered the mushroom 

when digitising a collection of fossils from 

Brazil. “The fact that this mushroom was 

preserved at all is just astonishing. When 

you think about it, the chances of this thing 

being here – the hurdles it had to overcome 

to get from where it was growing into the 

lagoon, be mineralised and preserved for 

115 million years – have to be minuscule.”

The fungus was about five centimetres tall 

and had gills under its cap, similar to a 

modern-day button mushroom.

“Fungi evolved before land plants and are 

responsible for the transition of plants from 

an aquatic to a terrestrial environment,” said 

researcher Dr Andrew Miller. “Associations 

formed between the fungal hyphae 

[branching filaments that form the fungus] 

and plant roots. The fungi shuttled water 

and nutrients to the plants, which enabled 

land plants to adapt to a dry, nutrient-poor 

soil, and the plants fed sugars to the fungi 

through photosynthesis. This association 

still exists today.”

WORLD’S OLDEST 
MUSHROOM FOSSIL 
DISCOVERED

 WATER IS SOUR 
Water doesn’t taste of 

anything, right? Wrong. 

Researchers at Caltech have 

found that drinking pure 

water activates the sour 

taste receptors in mice.

 JUPITER IS  
 THE OLDEST  

 PLANET IN THE  
 SOLAR SYSTEM 

The solid core of Jupiter 

formed just a million years 

after the Sun, making it 

almost 4.6 billion years old 

and about 55 million years 

older than Earth, a team 

at Lawrence Livermore 

National Laboratory  

has found.

 MAKING ART  
 MAKES US HAPPY 

Drawing and doodling cause 

an increase in blood flow 

in the prefrontal cortex – 

an area associated with 

the brain’s reward circuit, 

researchers at Drexel 

University have found. 

Somebody pass the crayons.

WHAT WE

LE ARNED

THIS MONTH

FOSSILS
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Before this discovery, 
the oldest mushroom 

fossils had been found 
encased in amber



PREDICTED FACE
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Did you know that every picture in BBC Earth  

is made up from just four colours (or three, if you’re 

reading our digital edition)? By varying the 

proportions of cyan, magenta, yellow and black 

ink, printers can recreate almost any colour you 

can imagine. And now it seems our brains may 

process faces in similar fashion – by analysing 

each face in terms of its relative ‘amounts’ of 50 

different variables.

Neuroscientists at California University of 

Technology (Caltech) used statistical analyses to 

identify 50 variables representing the differences 

between faces. Each of these complex variables 

can be imagined as a spectrum, or sliding scale – 

for instance, with a low hairline and close-set eyes 

at one end, and a high forehead and widely 

spaced eyes at the other. The researchers then 

showed 2,000 photos of faces to two macaque 

PHOTOS OF FACES RECREATED 
FROM MONKEY BRAIN SIGNALS
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The researchers accurately 
reconstructed faces by 

analysing brain activity in 
rhesus macaques

monkeys while monitoring their brain activity. They 

identified some 205 neurons in the temporal lobe 

that fire in response to seeing faces, and recorded 

the rate of activity for each cell. 

By mapping these rates to positions on the 50 

previously identified facial characteristics spectra, 

they were able to generate computer images that 

were uncannily similar to the original photos.

“It was a complete surprise,” said Prof Doris 

Tsao, co-author of the paper in the journal Cell. 

She went on to point out that the findings don’t 

necessarily contradict previous research which 

has suggested that particular neurons in the 

hippocampus ‘remember’ particular faces. “These 

cells are coding coordinates, and you can use 

these coordinates for anything you want. [Or] you 

can build up a lookup table that codes these into 

specific identities.”

ACTUAL FACE

NEUROSCIENCE



MUSICIANS
Playing a musical instrument can help to keep your brain 

in shape in old age, researchers in Canada have found. The 

effect is thought to be due to the fact that playing an 

instrument requires many brain systems to work together.

SARNIE-LOVING SPACEMEN
Bread is a no-no on the ISS because crumbs can wreak 

havoc with delicate machinery. But now the German Bake 

in Space project has produced a special dough that 

produces crumb-free bread. Make mine a cheese and 

pickle.

MIND WANDERERS
Those who struggle to focus on the task in hand are less 

likely to maintain perseverance and passion in their 

long-term goals, researchers at the University of 

Waterloo have found. Now, what was I just doing… ?

PRIESTS
Holy macaroni! German engineers have created a robot 

priest. Dubbed BlessU-2, the bot can administer 

blessings in five languages. It was built for an exhibition 

about the history of the church, and is designed to spark 

debate about its future.

B A D  M O N T H

G O O D  M O N T H
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Did life on Earth begin in the Sun? 

Methyl isocyanate, a vital ingredient 

for life that is involved in the 

synthesis of the peptides and amino 

acids that form proteins, has been 

found in a region where infant, Sun-

like stars are being formed.

Molecules of methyl isocyanate 

were detected in the multiple star 

system IRAS 16293-2422 by two 

teams of astronomers using the 

ALMA (Atacama Large Millimeter/

submillimeter Array) telescope in 

Atacama, Chile. IRAS 16293-2422 

is a region of intense star-forming 

activity that lies some 400 light-years 

from Earth, in the constellation of 

Ophiuchus. The compound’s unique 

chemical fingerprint was detected in 

dense inner regions of the cocoon of 

dust and gas that surrounds very 

young stars. 

“These protostars are very similar 

to the Sun at the beginning of its 

lifetime, with the sort of conditions 

that are well suited for Earth-sized 

planets to form,” said researcher 

Rafael Martín-Doméneach. “By 

finding prebiotic molecules in this 

study, we may now have another 

piece of the puzzle in understanding 

how life came about on our planet.”

Tantalisingly, the team’s 

measurements suggest the 

chemicals essential for life may be 

found throughout the Universe.

“Our lab experiments show that 

methyl isocyanate can be produced 

on icy particles under very cold 

conditions similar to those in 

interstellar space,” said researcher 

Niels Ligterink. “This implies that this 

molecule is likely to be present near 

most young solar-type stars.”

KEY INGREDIENT 
FOR LIFE FOUND 
AROUND INFANT 
STARS

Methyl isocyanate is an 
essential precursor to life 

– and may be a by-product of 
star formation

SPACE
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Demonstrators were 
angry about Donald 
Trump’s withdrawal 
from the Paris 
Agreement

On 22 April 2016, in an attempt to prevent global 

temperatures from raising to 2°C above pre-industrial 

levels, the world’s largest emitters of greenhouse gases 

banded together to strike the Paris Agreement. It was a 

shining example of global cooperation, that is, until US 

president Donald Trump indicated in June that the US 

will be pulling out.

If all countries implemented their commitments under 

the agreement, global greenhouse gas emissions would 

peak over the coming decade before returning to close 

to their current level in 2030. Global temperatures would 

still be rising, but at a constant rather than an 

exponentially increasing rate if nothing were to be done. 

Crucially, the agreement accepts that to stop the 

warming, net global emissions need to be reduced to 

zero. It also sets up a mechanism for progressively 

more ambitious reductions through a periodic 

‘stocktake’, with the first scheduled to be completed in 

2023. Right now, the US accounts for about 12 per cent 

of global emissions, but if other countries cut back 

while the US keeps its carbon footprint stomping along 

at a steady ‘business as usual’ clip, then that fraction 

will rise. The result: we will never reduce emissions to 

zero, and temperatures will keep rising.

It’s difficult to quantify exactly what the US withdrawal 

might mean on a global level, but a back-of-the-envelope 

calculation estimates the net result being a 0.3°C rise by 

the year 2100. This might not sound like much, but in our 

delicately-balanced world, it is.

Increased temperatures cause fluids to expand. This, 

combined with the melting of land-locked ice, leads to 

ocean levels rising, engulfing any low-lying coastlines. 

This is particularly concerning to small island states such 

as the Maldives and Fiji. In fact, it was the coalition of 

these very states that, among others, recognised the 

difference that 0.5°C could make. They  pushed hard to 

get the Paris Agreement signed up to limit climate 

change to a 1.5°C rise, rather than the original suggestion 

of 2°C. The absence of the US from the Paris Agreement 

might take us dangerously close to the latter.

Even for those lucky enough to live away from low-

lying coastlines, the situation is still far from ideal; let us 

consider, for example, how heat waves might affect us 

now that the US is out of the fold. In the Mediterranean, 

we know that 0.3°C average increase in global 

temperature would lead to a 0.5°C increase during 

extreme heat waves. In cities, the increased warming is 

likely to be far larger due to trapped heat – the ‘urban 

heat island effect’. Even this relatively small increase in 

heat stress can tip our bodies over the edge, leading to 

heat stroke and cardiovascular failure. In Paris, this 

could lead to approximately 20 additional deaths during 

each summer. Scale this up to the hundreds of cities 

that are impacted by a single heat wave and you 

suddenly have a serious public health issue. Of course, 

heat stress isn’t confined to humans, as plants and 

animals are also affected. This could have serious 

ramifications for agriculture, global food distribution, 

and the natural world in general.

Perhaps one of the largest areas of uncertainty in 

climate change is tipping points – points at which 

irreversible change takes place. The concept was 

explored in the film The Day After Tomorrow in which 

Dennis Quaid gave an excellent portrayal of a climate 

scientist who accurately predicted when such a tipping 

point would occur. However, the reality is that quantifying 

exactly how much the temperature must rise to reach a 

point of no return is extremely difficult. There are a 

number of potential tipping points that could lead to 

global catastrophe, yet we are uncertain how far we can 

push the Earth’s climate system before they occur. One 

thing that is clear is that once such a point is breached, 

there’s no going back. Therefore, surely it’s best that we 

do our utmost not to give Hollywood any more reasons 

to make another climate-related disaster movie.

WHAT DOES THE 
WITHDRAWAL OF THE 
US FROM THE PARIS 
AGREEMENT MEAN FOR 
CLIMATE CHANGE?



 “THIS VIRAL IMMUNOTHERAPY  

 APPEARS TO BE MORE POTENT THAN  

 OTHERS THAT HAVE BEEN BEFORE”

Update THE LATEST INTELLIGENCE
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ABOVE: Immunotherapy uses 
the body’s immune system to 
tackle disease. Here, a T-cell 
(purple) has been engineered 

to attack a cancer cell (red)

Update THE LATEST INTELLIGENCE

A team has created designer viruses that help the immune system target 
tumours. One of the researchers, Prof Daniel Pinschewer, describes this new 
approach to cancer therapy

What is ‘immunotherapy’?
Chemotherapy uses a chemical not normally 

present that’s toxic and more deadly to cancer 

cells than to other cells. Radiotherapy involves 

dosing ionising radiation onto cancerous parts. In 

contrast, immunotherapy describes any approach 

that leverages the body’s own defence system in 

combating cancer. There are several different 

types of immunotherapy. The most commonly 

known is antibodies that are injected – they 

unleash the immune system. This takes the foot off 

the brake, so the lukewarm response the body 

usually mounts against cancers gets intensified. 

But this is not specific, so any response is 

strengthened, including responses that can make 

you sick. That’s a downside.

How does your therapy work?
We haven’t yet trialled in humans, but the 

approach we’re pursuing is to give a patient a virus 

that causes an infection like a common cold. The 

virus is equipped with a component of the tumour 

that a patient – or in our case, the tumour-bearing 

mouse – had. That creates awareness in the 

defence system. Our immune defence has been 

shaped over millions of years to fight viruses and 

bacteria, and now it gets to see a piece of the 

cancer in this context, so it will launch a fierce fight 

against all the elements it sees as a virus. It treats 

cancer cells as if they were virus-infected.

Which virus do you use?
We’re using lymphocytic choriomeningitis, a virus 

that almost exclusively infects mice. It can be 

accidentally transmitted to humans and normally 

only causes a common cold-like illness, so 

nothing serious. It’s not dangerous to an extent 

that one could not justify giving it to a cancer 

patient. However, we have engineered these 

viruses to be ‘attenuated’, which means their 

ability to make mice sick is reduced. Therefore, the 

virus grows more slowly than the wild virus would.

Which cancers could you target?
In principle any cancer could be targeted, but for 

each type you have to tailor-make a virus. You 

need to identify a target, a molecular hallmark of 

that cancer, then build it into your virus. We know 

there are specific components that identify 

cancers and would not be present in normal cells, 

otherwise you would instruct your defence to 

attack a healthy tissue of your body. Then we 
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create a virus. We do this by gene technology, out 

of its building blocks, then grow it in a cell culture 

in the lab. We have an industrial partner and we’re 

counting on having the first patients treated within 

two years.

What makes your approach better than 
others?

Our study not only describes the 

technology, but also describes the 

mechanism of why this viral 

immunotherapy appears to be 

more potent than others before. In 

mice, we have shown that 

commonly used viral technology 

failed, whereas ours was 

successful. This was due to the 

fact that our viruses, being 

replicating, are causing a mild 

infection – it’s not just injecting 

a drug that doesn’t amplify 

itself. This infection triggers 

specific molecular alarm bells, 

which only render the immune 

response potent enough to 

effectively combat cancer.

BELOW: The lymphocytic 
choriomeningitis virus that 

Pinschewer’s team is using to 
study immunotherapy

What did they do?
A team at Harvard Medical School engineered gut 

bacteria in a group of mice to turn their poo blue when 

they are in the presence of disease.

How did they do that?
They engineered a harmless strain of E. coli bacteria to 

produce a particular enzyme when it came into contact 

with tetrathionate – a substance seen in high levels in the 

guts of people with ulcerative colitis. They were then able 

to identify the enzyme in the animals’ stools using a test 

in which it changes colour.

Why did they do that?
Understandably, many people aren’t exactly thrilled when 

they hear the words “You’re going to need an endoscopy”. 

However, there are currently few alternatives when it 

comes to diagnosing gut disorders. The team hopes that 

their technique can be used in place of uncomfortable and 

intrusive cameras to check for gut illnesses in those 

feeling a bit, er, off colour.

MOUSE POO  
TURNED BLUE

T H E Y  D I D  W H A T ? !
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Clearly, this new frog  
species is awesome

We’ve all heard the expression ‘wearing your heart 

on your sleeve’, but few of us can pull off that trick 

with the aplomb of a newly discovered species of 

frog. The tiny amphibian’s heart is clearly visible at 

all times, thanks to the translucent skin on its chest.

The frog, which measures just 2cm in length, has 

been named Hyalinobatrachium yaku, and it has just 

been described for the first time in a paper 

published in the journal ZooKeys by a team of 

scientists led by Juan M Guayasamin from 

Ecuador’s Universidad San Francisco de Quito. It 

falls into a family of frogs called Centrolenidae, or 

‘glass frogs’, all of which have translucent skin on 

their abdomen that renders their liver, stomach and 

intestines visible. In H. yaku, however, this 

translucence extends to the chest area, putting the 

frog’s heart on view.

All known Centrolenidae species are native to 

Central and South America, and H. yaku is no 

different, with three populations discovered in 

Ecuador. As these three populations are quite widely 

dispersed, lying some 110km from each other, it’s 

believed the frog may make its home across a much 

wider swathe of Ecuador and neighbouring Peru.

Intriguingly, the three populations of H. yaku so far 

discovered exhibit varying behavioural 

characteristics. In two areas, they have been found 

only on the underside of leaves hanging a metre or 

so above shallow, slow-moving streams. However, 

in the third area, the frogs were located on the leaves 

of small shrubs and ferns lying more than 30m from 

the nearest water source. 

NEWLY DISCOVERED FROG  
HAS A VISIBLE HEART

ZOOLOGY
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FIVE THINGS WE’VE JUST 
FOUND OUT ABOUT 
JUPITER
NASA’s Juno mission, which was 

launched in 2011 and has been in orbit 

around Jupiter since July 2016, has just 

sent back its first science results. Here 

are the key findings…

1. IT’S GOT A STRANGE 
MAGNETIC FIELD 

Jupiter’s magnetic field is stronger than 

expected at 7.8 Gauss – that’s 10 times 

stronger than any magnetic field found 

on Earth. It’s also quite uneven, 

suggesting that it may be mostly 

generated quite close to the surface.

2. THE POLES ARE STORMY,  
AND QUITE DIFFERENT FROM  
EACH OTHER 

Juno scientists found that, towards 

Jupiter’s poles, regular bands of gases 

give way to chaotic, swirling storms. 

What’s not yet known is the mechanism 

that drives these storms, or why this 

activity is not the same at both poles.

3.  JUPITER’S ‘NORTHERN 
LIGHTS’ AREN’T LIKE 
EARTH’S 

Just like Earth, Jupiter is home to auroral 

activity caused by interaction between its 

upper atmosphere and the solar wind. 

However, the exact processes involved 

in their formation appear to be different 

on Jupiter than on Earth.

4. THE COLOURED ‘BELTS’ GO  
DEEPER THAN EXPECTED 

For years, the scientific consensus has 

been that the coloured bands visible on 

Jupiter’s surface represent only the 

planet’s cloud tops. Juno, however, has 

found that some of these bands 

penetrate at least 350km into the planet 

– and potentially even deeper.

5. THERE’S STILL A LOT 
MORE TO LEARN 

“We knew going in that Jupiter would 

throw us some curves,” said Juno 

principal investigator Scott Bolton from 

the Southwest Research Institute in San 

Antonio, Texas. “But now we are finding 

that Jupiter can throw the heat, as well 

as knuckleballs and sliders. There is so 

much going on that we didn’t expect, 

that we have had to begin to think of this 

as a whole new Jupiter.”

SPACE

IN NUMBERS

2060

50.7
PER CENT

The year that AI will be able 

to do everything better than 

humans, according to a survey 

of experts carried out by the 

Machine Intelligence Research 

Institute in California.

4,600 
KELVIN
The surface temperature of 

planet KELT-9b. This is the 

highest temperature ever 

recorded on a planet.

The amount of UK power 

supplied by wind, solar, hydro 

and wood pellets on 7 June – 

the first time more energy was 

generated by renewables than 

fossil fuels.



COMMENT & ANALYSIS

ecently, I was cycling back from my 

badminton club. About halfway home, 

a gentle rasping sound began. It 

happens quite a lot – leaves or a twig get stuck 

somewhere in the rear wheel spokes, and then 

once every rotation the uninvited hitchhiker 

brushes against the reflector or the brakes. 

I was hungry and in a hurry, and although 

I peered back at the wheel every time I 

stopped at traffic lights, I couldn’t spot 

the twig and wasn’t bothered enough 

to have a proper look. The soft swish, 

swish, swish sound followed me 

home. It was only when I was 

inside the bike cage at my flat 

that I gave it my full attention. 

What I found made me gasp out 

loud. And, because this is 2017, 

it also made me reach for my 

phone and start taking pictures. 

A 4cm-long nail had pierced the 

rear tyre and had gone straight 

through, re-emerging close to the 

rim. The tyre was still at full pressure, 

and the swishing sound had come from 

the spiky end of the nail grazing against the 

brake block. Some bike wheels now have 

swanky insides, lacking an inner tube 

or filled with gloop that’s supposed 

to automatically bung up puncture 

holes, but not this one. The nail had 

gone through both tyre and inner 

tube, twice, and had re-sealed so 

quickly that  

I had cycled three miles on it 

without noticing. After poking 

at the tyre for a bit in disbelief, I 

used my keys to lever the nail out. 

Four seconds of the sort of hiss usually associated with 

an extremely angry viper, and the tyre was as flat as a 

pancake. When I extracted the inner tube, it had two neat 

round holes in it, almost as if fangs had done the deed.

My first thought was to wonder how much further  

I could have cycled without it deflating. And my second 

thought was about how it had sealed so well. My best 

guess is that the inner tube was pushed inward to create 

a skirt around the nail, and that the pressure inside 

the tyre pushed the rubber against the metal to seal 

the gap. I’ve got a road bike, so the pressure inside 

was close to seven times atmospheric pressure 

– enough to form a strong seal. That might 

explain the nail going in, but I can’t quite see 

how it would work on the way out. 

I can see the foundation of the solution, 

because this type of seal is pretty common. 

Rubber is formed from stretchy polymer 

chains locked together with cross-

links. In tyres and inner tubes, this 

matrix is reinforced with carbon 

black to make it more durable 

(that’s why tyres are always 

black, even though natural 

rubber is white). Rubber will 

deform when squeezed, but it 

won’t get smaller – it just squishes out 

sideways. So if you apply pressure, a 

rubber matrix will squish into all the 

tiny gaps in nearby surfaces, forming 

a perfect barrier. But how exactly did 

that work, twice, inside my inner tube?

The most frustrating thing about all 

this is that even though I’m a huge fan 

of experiments to help understand a 

situation, I can’t imagine being able 

to recreate this one. I could cycle 

over beds of nails for months, and 

never get a double puncture like 

this again. I could look right at 

that nail, but I couldn’t see 

what was just on the other 

side of the tyre, forming the 

seal. So this one is unfinished 

business, to be stored away 

in the pile of not-quite-solved 

scientific puzzles. But you never know when a new nugget 

of understanding will boot one of those mysteries out into 

the open again. Tyres, I’m watching you… 
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HELEN CZERSKI ON … TYRE PUNCTURES
“THE NAIL HAD GONE THROUGH BOTH TYRE AND INNER TUBE, 
TWICE, AND HAD RE-SEALED QUICKLY”

Dr Helen Czerski is a physicist and BBC science presenter. Her book, 

The Storm In A Teacup, is out now

30 Vol. 9 Issue 10
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In August 2012, NASA’s Voyager 1 

probe became the first human-made 

object to enter interstellar space – the 

vast area that lies between the many 

star systems in our Galaxy. Once 

thought to be empty, it now seems 

the interstellar medium could be the 

key to understanding dark matter, the 

birth of stars and the origin of life
WORDS BY COLIN STUART
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VOYAGER:  
BEYOND OUR 
SOLAR SYSTEM
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pace is called ‘space’ for a 

reason. The gaps between the 

stars are incredibly empty – 

far more sparsely populated than any 

vacuum we can create here on Earth. 

Astronomers call this area the 

interstellar medium (ISM). And though it 

may be diffuse, it’s thought to make up 

at least 10 per cent of the visible mass of 

our Galaxy. Stars sit embedded in the 

ISM, but are not isolated from it.

“Stars are born inside the interstellar 

medium,” says Mikako Matsuura from 

the University of Cardiff. “It’s like an 

ecosystem.”

The Voyagers have been able to study 

the birth of stars by recording the distinctive patterns 

of ultraviolet light that are associated with star 

formation, which are known as Lyman alpha 

emissions. We haven’t been able to see this radiation 

in our own Galaxy up till now, because the Sun’s 

emissions cloud them out. But now that the Voyagers 

are on the edge of heliosphere – the area 

where the influence of Solar wind is 

stopped by the ISM – they have 

been able to detect it, helping us 

map out previously 

unobserved regions of star 

formation in the Milky Way.

Throughout their lives, 

stars turn lighter elements 

into heavier ones through 

the process of nuclear 

fusion. Then when stars 

die, they send those heavy 

elements back out into the 

interstellar medium. This 

exchange of material ultimately 

governs how quickly a galaxy 

uses up its supply of gas.

Exploring this eternal feedback loop 

allows us to learn more about stellar evolution. 

The death of massive stars enriches galaxies with 

elements such as carbon, oxygen and iron, which 

changes the abundance of those elements over time. 

“As the enrichment proceeds, the fraction of stars 

ejecting carbon-rich molecules and dust particles 

decreases,” says Patrick Roche, from the University of 

Oxford. Given that we’re a carbon-based life form, this 

means that the material suitable for living things like us 

is gradually decreasing.

Voyager 2 has been instrumental in the study of 

supernovae – huge stars that explode upon reaching 

the end of their lives. When the supernova SN1987A 

exploded in the Tarantula Nebula around 163,000 

light-years from Earth in 1987, Voyager 2 was 

quickly swivelled round for a closer look. Since then, 

further observations have shown that the area 

continues to evolve.

“Not only has the ejected material expanded and 

cooled, the mass of dust and molecules has 

grown quite markedly,” says Roche. In 

other words, we’re observing the 

process of enrichment in action.

Studying how stars form out 

of the ISM also tells us 

something about how 

common our Sun and Solar 

System are, compared to 

other solar systems in the 

Universe. And it turns out 

ours is actually quite 

unusual. “Our view of the 

balance between high mass 

stars and low mass stars has 

shifted,” says Roche.

The latest observations 

suggest that the ISM is filled with a 

lot more low mass objects than we’d 

realised. “Not only is our Galaxy teeming with 

several hundred billion stars,” says Roche, “There 

are almost as many brown dwarfs [an object larger 

than a planet but smaller than a star] and planetary 

mass objects out there, too.”

With the two Voyager probes rapidly approaching 

the end of their lives, Matsuura and Roche have 

both turned to the new Atacama Large Millimeter 

Array (ALMA) – a bank of 66 radio dishes spread out 

in the bone-dry Chilean desert.

“ALMA really makes a difference,” says Roche. 

“For the first time, we have the sensitivity to look  

at the ISM in detail.”

FORMATION  
OF STARS AND 
GALAXIES
By studying what matter there is in the 
interstellar medium, scientists hope to 
learn more about how stars are born

Supernova  
SN 1987A

S
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The Atacama Large Millimeter 
Array in Chile began scientific 
studies in 2011, and is 
enabling astronomers to 
study the interstellar medium 
in unprecedented detail
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We tend to assume alien life 
forms will stay on their own 
planets, because that’s what 
we do. But if they don’t, then the 
ISM could be a good place to 
look for radio signals

Could life on Earth have originated in interstellar space? “No, 

not a chance,” says Lewis Dartnell, an astrobiologist at the 

University of Westminster. But that doesn’t stop the ISM 

being an important area of study. “There’s a lot of interesting 

astrochemistry going on,” says Dartnell. 

Amino acids – the building blocks of DNA – have already 

been found in meteorites from asteroids that pre-date the 

formation of the Earth. “But that’s just the Lego bricks of life. 

There’s nothing anywhere near as complex as a fully formed 

cell,” Dartnell says. 

Life couldn’t have got started under those conditions 

without water or energy. “It’s like throwing a bunch of 

chopped vegetables on the floor and expecting it to make 

soup,” says Duncan Forgan, an astrobiologist from the 

University of St Andrews. 

However, the fact that they seem so ubiquitous has a lot of 

astrobiologists excited about the chances of finding biology 

elsewhere in the Universe. If those ingredients end up on a 

warm world with water, then the necessary chemistry might 

be able to occur.

“My impression is that all this actually tells you is that 

carbon as an element is just really good at chemistry and 

building up complex molecules,” Dartnell says. “If the cold 

vacuum of interstellar space is making amino acids, you can 

bet your bottom dollar that same chemistry is going on in the 

warm oceans of a new world.”

If life can’t form in the ISM, what are the chances of it 

starting out on a planet, then escaping that world and 

travelling across interstellar space to seed another? On this 

idea – panspermia – Dartnell is equally sceptical. “The idea 

has really fallen out of favour,” he says. “The numbers just 

don’t add up.”

However, interstellar space could be the place to listen for 

signals from alien civilisations. So far we’ve focused on star 

systems because we’re largely confined to our own world. 

But alien life may not be restricted in the same way.

“Those signals might come from interstellar space as well, if 

alien civilisations have spread beyond their home world and are 

voyaging between the stars,” says Dartnell. 

Interactions between the Sun and the ISM may also play an 

important role in shielding us from radiation from the wider 

Galaxy, in much the same way the Earth’s magnetism acts as 

a force field to keep out dangerous radiation from the Sun.

“It might be the case that having two magnetic fields 

protecting us is better than one,” says Forgan.

The Voyager probes, at the boundary between the Sun’s 

magnetosphere and deep interstellar space, are uniquely 

placed to make measurements of this region. 

Now that it is out of the heliosphere, Voyager 1 has noticed 

a significant spike in the number of cosmic rays. By 

comparing this to the radiation levels from when it was inside, 

we can learn to what extent we’re protected by the 

heliosphere. That data will help astronomers and 

astrobiologists figure out to what extent the double shield 

idea is true, and whether that has a knock-on effect for our 

notions about how common life might be around other stars.

THE ORIGINS 
OF LIFE

There’s no way that life could have formed 
in interstellar space, but that doesn’t mean 

there couldn’t be life there
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THE VOYAGER PROBES

4. ULTRAVIOLET SPECTROMETER
This was used for studying planetary atmospheres.

• Status: Off (both spacecraft)

5. COSMIC RAY SUBSYSTEM (CRS)
The CRS looked for high energy particles being accelerated in the 

magnetic fields of the giant planets. Now it can detect cosmic rays.

• Status: On (both spacecraft)

8. HIGH GAIN ANTENNA
This is how Voyager sends daily communication back to Earth. Signals 

were originally sent over two bands, but one band was shut off once 

the probes left the planets behind.

• Status: On (both spacecraft)

1. INFRARED INTERFEROMETER SPECTROMETER  
AND RADIOMETER (IRIS)
Used to measure the brightness, temperature and chemical 

composition of the planets. Worked across ultraviolet, visible and 

infrared frequencies 

•  Status: Off (both spacecraft)

2. IMAGING SCIENCE SUBSYSTEM
The probes’ eyes. Two television cameras, each with eight filters, 

mounted in a wheel that rotates in front of the lens.

•  Status: Off (both spacecraft)

11. RADIOISOTOPE THERMOELECTRIC GENERATOR
This is the power source of the Voyager probes. After 2020, engineers 

will begin turning more of their instruments off to preserve power.

• Status: On (both spacecraft)

7. LOW ENERGY CHARGED PARTICLE (LECP)
One of the three particle sensors on board, it can detect particles 

with a broader range of energies than CRS or PLS.

• Status: On (both spacecraft)

9. MAGNETOMETER
Originally measured the magnetic field of the planets. Now it is 

measuring changes in the Sun’s magnetic field at the boundary with 

interstellar space.

• Status: On (both spacecraft)

3. PLASMA SUBSYSTEM (PLS)
As its name suggests, this looks for slow-moving particles in plasma 

– a charged gas that has seen electrons stripped from atoms.

• Status: Off  (Voyager 1) 

• Status: On  (Voyager 2)

6. PHOTOPOLARIMETER (PPS)
A 20cm-aperture telescope capable of measuring the polarisation of light.

• Status: Off (both spacecraft)

10. PLANETARY RADIO ASTRONOMY (PRA)  
and PLASMA WAVE ANTENNA (PWA)
Two radio antennas at right angles to each other. One is for low 

frequency radio waves, the other for high frequency.

• Status: PRA Off (both spacecraft) 

• Status: PWA On (both spacecraft)

A closer look at the 
instruments onboard
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Radioactive 

emissions from 
celestial bodies such as 
the Bullet Cluster, also 
known as 1E 0657-56, 
may shed more light on 

the nature of dark 
matter
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It appears gas and dust aren’t the only things 

existing between the stars. There isn’t enough 

visible material to account for the gravity needed to 

hold the rapidly rotating Milky Way together, so it 

has been suggested there’s some invisible material 

called dark matter that lurks all around us – including 

in interstellar space.

Astronomers initially thought that dark matter 

might just be ordinary stuff that was too dim to see 

– objects such as brown dwarfs, stray planets and 

solar-mass black holes. These came to be known as 

MACHOs (Massive Compact Halo Objects). 

However, they should be detectable by other 

means, and we haven’t found enough of them yet.

Now, the leading modern idea is that dark matter 

is made of WIMPs (Weakly Interacting Massive 

Particles) – a new form of matter that doesn’t fit with 

the Standard Model of particle physics. But so far, 

snaring a WIMP, or even proving their existence, has 

been out of reach. However, according to the 

University of Lancashire’s Cristina Popescu, 

studying the ISM might well help.

The Milky Way is full of cosmic rays – high energy 

particles created by apocalyptic events such as 

supernova explosions. When these rays strike 

interstellar dust and gas, they create a flood of 

gamma rays. Yet there are more gamma rays in the 

Milky Way than astronomers expected, particularly 

near the centre of the Galaxy. 

“You look at the spectrum of what’s left over, and 

it matches what you’d expect from the annihilation 

of WIMPs,” says Popescu. Annihilation is where two 

WIMPs collide to create gamma rays. “Of course, 

this all relies on a good understanding of the 

interstellar medium,” she says.

Unfortunately, the Voyager probes were launched 

before the idea of WIMPs was dreamt up. However, 

annihilating WIMPs should produce particles that 

they could detect, at least in theory. 

Some accounts of dark matter also invoke the 

presence of a so-called dark photon. Proposed in 

2008, this hypothetical particle is supposed to carry 

the force of dark matter, much like an ordinary 

photon carries the electromagnetic force. In 2015, a 

team of French physicists at the Université Grenoble 

Alpes used data from the Voyager probes to look for 

the magnetic signature of dark photons in the ISM. 

While they didn’t find it, they did put some 

constraints on its properties, so the net is narrowing. 

Then, last year, a team of astronomers from 

Australia and the UK looked at the effect on galaxies 

of ultra-compact mini-halos of dark matter 

(UCMHs). These are particularly dense dark matter 

clumps. They calculated that if only 1 per cent of a 

galaxy’s dark matter was in the form of UCMHs, the 

heat from dark matter annihilations would be 

enough to eject all of the gas out of the interstellar 

medium in the immediate vicinity. This would 

prevent stars forming within around 3,200 light-

years of the mini-halo. So looking for such gaps in 

the ISM is another way to learn more about the 

distribution of dark matter. 

Colin Stuart is an astronomy writer and co- author of The Geek 

Guide To Life. He tweets from @skyponderer

DARK MATTER
What can venturing beyond the Solar 
System tell us about this most elusive 
cosmic phenomenon?
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Life in the Namib Desert is harsh, and water  
is hard to come by. But evolution has equipped 

species that live in this challenging environment 
with a range of unique adaptations that are 

essential for survival

CONTROL

PHOTOS BY THEO ALLOFS

Plains zebras survived as a small relict population when the 
NamibRand Nature Reserve was created in 1992, combining 
more than a dozen former livestock farms in a protected 
area exceeding 200,000ha. Water sources supplied by 
boreholes are spread more sparsely than before, but regularly 
maintained, supporting the zebras found widely through the 
reserve. Gemsbok (a species of oryx) also benefit – about 
10,000 roam the NamibRand

NATURE
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Zebras gallop past mysterious 
grass-ringed patches known as ‘fairy 
circles’. According to one story told 
by the Ovahimba tribe, these are the 
footprints of the gods; another claims 
that a dragon beneath the Earth’s crust 
breathes fiery bubbles that burn the 
vegetation into rings. Despite decades 
of investigation, scientists still haven’t 
established a definitive explanation for 
these curious formations

peed is of the essence in the Namib Desert of 

south-west Africa, where summer temperatures 

reach 40°C in the shade and annual rainfall 

averages a mere 70mm – but can be as low as 2mm in 

the most arid coastal areas. When rain does fall, mostly 

in the summer (October to April), survival is dependent 

on the ability to react very quickly.

“The Namib is a boom-and-bust ecosystem,” 

explains ecologist Danica Shaw. “Grasses, such 

as several species in the genus Stipagrostis, can 

complete their life-cycle in a mere seven days. The 

sudden appearance of good grazing draws huge 

numbers of antelopes and the desert can, for short 

periods, sustain abundant wildlife. But the bust 

occurs once resources are depleted and animals 

must migrate to find water.” Larger animals cover 

larger distances, and their journeys were disrupted by 

fenced livestock farms until the NamibRand Nature 

Reserve – a 202,200ha private reserve established in 

1992 – removed internal fencing to create a migration 

corridor between the coastal Namib-Naukluft National 

Park and less-arid inland areas.

All life in the Namib has adapted to desert 

conditions. The remarkable welwitschia, a floppy-

leaved plant that may live for over 1,000 years, is one 

of many species relying for moisture mainly on the 

coastal fog that drifts inland on about 180 days of the 

year. The tok-tokkie beetle harvests this moisture at 

dawn, performing a headstand at the top of a dune 

while facing west – the sea fog condenses on its 

body and trickles down its back into its mouth. Other 

animals control moisture loss by reducing sweating. 

This challenging ecosystem was put into context 

for photographer Theo Allofs during one of his aerial 

surveys over the reserve: “I saw enormous herds of 

gemsbok, springbok, hartebeests and zebras. It was 

like the Serengeti – except all these animals were 

surviving in a harsh desert, and not in a lush savannah 

with an abundance of food.” 

S

Theo has been drawn back 

to Namibia many times since 

his first visit in 1995. A great 

fan of deserts, especially 

the Namib, five years ago 

he began a project on the 

desert elephants that roam 

the river beds in north-west 

Namibia. Later he extended 

his work to include the 

Namib Desert as a whole, 

and documented the survival 

strategies of many species 

in this arid habitat.

THE PROJECTPHOTOS BY
Theo Allofs 

Theo has 

been a full-

time nature 

photographer 

since 1995. His images 

have been published in 

most of the major natural-

history magazines, and 

he is a founding member 

of the International 

League of Conservation 

Photographers (ILCP).  

www.theoallofs.com

Namib Desert

NAMIBIA

Namib-
Naukluft NP

NamibRand 
NR
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FAR LEFT: The quiver tree is an aloe species with 
thick, succulent leaves growing from the end of tall 
branches. Lifting the leaves up to 6m above the heat 
radiating from the desert floor reduces moisture 
loss. The branches are covered in a fine white 
powder that reflects the sun’s heat, and along with 
the trunk filled with a soft fibre that can store large 
quantities of water

LEFT: The ostrich is well adapted to desert life. Its 
thick eyelashes protect its eyes from sandstorms, 
and its plumage insulates it from the worst of 
the heat. The bird doesn’t sweat, and can live for 
prolonged periods while dehydrated, losing up to a 
quarter of its body weight in a day. In the morning 
they can be seen drinking at water holes or feeding 
on moisture-laden grass
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The desert elephant is not a distinct species, but 
individuals tend to have longer legs and smaller bodies 

than other African elephants. In addition, flatter, more 
splayed feet make walking on sand easier – important 

when migrating tens or even hundreds of kilometres. 
In the wet season, desert elephants prefer fresh 

green leaves, but during dry stretches they subsist on 
drought-tolerant species, eating just a small amount 

from one plant before moving on to the next
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RIGHT: To obtain enough water and seasonal food, 
giraffes in the arid northern Namib Desert must 
walk much farther than those in more temperate 
habitats, covering about 10km a day. However, they 
can survive without actually drinking – instead, like 
many other species, they rely on the thick fog that 
blows up to 50km inland from the coast on more 
than 180 days of the year. The giraffes browse 
leaves coated with droplets of condensed mist

FAR RIGHT: The Namib dwarf sand-adder is an 
ambush predator. The venomous snake buries itself 
in loose sand with just its eyes peeping above the 
surface – and, sometimes, the tip of its tail, which 
it may wave as bait to lure its prey closer. The 
sand-adder mostly eats small lizards such as the 
barking gecko and Aporosaura spp., the latter – 
having a relatively high water content – providing an 
important source of moisture
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LEFT: The gemsbok can allow its body 
temperature to reach 45°C before starting to 
sweat, and a large area of veined tissue in its 
nasal passages acts as a heat-control system. 
It grazes early in the morning when grasses 
are most moisture-laden, and also eats water-
rich bulbs, roots and tubers

BELOW: Namaqua sandgrouse gather at a 
water hole in the early morning, landing some 
distance away and waiting to check the coast 
is clear before wading in. When a female 
is guarding a brood, her mate will soak his 
breast before returning to mother and chicks, 
who drink from his feathers
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A c16th-century painting of 
Isabella of Castile, “who imposed 
order on a chaotic country, where 
monarchs had been weak and 
whose ordinary people lived in 
fear of crime”

Scan this QR Code for
the audio reader
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She was one half of a 15th-century power couple that 
united Spain and helped propel the west towards global 

dominance. Of all Europe’s queens, argues Giles Tremlett, 
surely none had a greater impact than Isabella of Castile

“THIS QUEEN 
HAS HAD  

NO EQUAL 
ON THIS 

EARTH FOR 
500 YEARS”

 dozen days before Christmas 

1474, a 23-year-old, green-eyed 

woman with light auburn hair 

processed in her finest clothes through the 

chilly, windswept streets of the Spanish 

city of Segovia. A handsomely dressed 

gentleman walked before her with the royal 

sword held upright by its point. The young 

woman was Isabella of Castile – who owed 

her eye-colour to an English grandmother, 

Catherine of Lancaster. Her dazzling clothes 

exuded magnificence, while the sword spoke 

of violence and a willingness to use it. The 

scene was remarkable for two reasons. 

Firstly, this was a usurper’s pre-emptive 

A
coup – part of a ceremony in which Isabella 

had herself proclaimed queen. Secondly, she 

was a woman. “Some of those in the crowd 

muttered that they had never seen such a 

thing,” one contemporary reported.

Within two decades an awestruck German 

would declare that: “This queen of Spain, 

called Isabella, has had no equal on this 

earth for 500 years.” This was not hyperbole. 

Europe had never seen a female monarch 

achieve so much, even if merit was shared 

with her husband, Ferdinand – who brought 

the junior territories of Aragon into a marital 

alliance that created modern Spain. Isabella 

was Europe’s first truly great queen regnant 
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Christopher Columbus meets Ferdinand and Isabella in a detail from a tapestry. It was with Isabella’s patronage that the 
sailor made his momentous journey to the Americas in 1492 

– the founding member of a small club of 

women whose influence spread well beyond 

their country’s borders and which includes 

England’s Elizabeth I and Victoria, the 

Russian empresses Catherine the Great and 

Elizabeth, as well as Maria Theresa of 

Austria. Yet of all these strong women, none 

had as lasting an effect as Isabella. 

 

THE THRILL OF POWER 

Isabella was coquettish, but there was never 

anything sexually scandalous about her 

(though her husband sired several illegitimate 

children). Instead, she got her thrills from 

power. As Castile’s Muslims and Jews would 

learn to their cost, this she sometimes wielded 

in a way that, today, shocks and repels. Yet 

contemporaries, while admitting she was 

harsh, were rarely outraged. She was an ‘Iron 

Queen’, as tough and determined as other 

female leaders who gained similar nicknames. 

By insisting on keeping power to herself and 

her husband, she imposed order on a chaotic 

country, where monarchs had been weak and 

whose ordinary people lived in fear of crime, 

violence and the lack of proper justice. 

Isabella’s reign is best measured in two 

ways: firstly, for reversing decades of 

shrinkage of western Christendom in the face 

of Muslim encroachment (with Constantinople 

lost two years after her birth); and, secondly, 

as the start of a steady but unstoppable shift 

of global power away from the sophisticated, 

wealthy orient, towards the countries of the 

Atlantic rim – starting with Spain itself, then 

Great Britain and, finally, the United States. 

Few of those who watched Isabella 

process through Segovia would have 

foreseen this. She was the daughter of a 

former king, Juan II, and of a princess from 

the adventurous Portuguese royal family. 

Yet the paucity of Grandees (Castile’s 

grandiose, self-regarding magnates) and 

powerful bishops in Segovia that day proved 

that she had few backers. A small, delicate-

looking young woman was easy to 

underestimate. Those who knew Isabella, 

however, were already aware of how 

single-minded, even stubborn, she was. She 

had first shown that mettle aged 18 – when 

she snubbed her half-brother, King Henry IV 

of Castile, and a powerful faction of 

Grandees by choosing her own husband, 

rather than accept one foisted on her 

(candidates had included the future Richard 

III of England). Seventeen-year-old 

Ferdinand, already bloodied in battle, had to 

sneak through Castile disguised as a servant 

boy, but his willingness to brave hostile 

territory in order to reach his princess fitted 

that was then delivered down a thin gold 

tube. When the queen eventually had a 

daughter, some claimed his chief steward, 

Beltran de la Cueva, was the real father. 

Whatever the biological reality, ‘la 

Beltraneja’ was the proper, legal heiress.

None of this bothered Isabella. She hated 

her half-brother for dragging her to his court 

as a child, after being “inhumanely and 

forcibly torn from our mother’s arms”. She 

was happy to put her claim to the throne to 

the ultimate test – on the battlefield where, it 

was accepted, God chose the winners. 

 

FORMIDABLE PARTNERSHIP 

When they married, Isabella had forced 

Ferdinand into a humiliating deal that gave 

her far more authority than him. But once 

war broke out (with Portugal supporting her G
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perfectly with Isabella’s ideal of romantic, 

masculine chivalry. More importantly, both 

already realised the power they would 

accrue by joining Castile and Aragon. 

This precocious act of rebellion cost 

Isabella dear. An angry Henry reversed a 

decision to make her his heiress – naming 

his daughter Juana ‘la Beltraneja’ instead. 

Henry was an awkward, tragic, figure. 

Nicknamed ‘The Impotent’, he suffered a 

form of gigantism, known as acromegaly, 

which meant that he grew oversized hands 

and feet as well as thick facial features. He 

was also reported to have a bulb-shaped 

penis, making sex difficult. His wife was 

subject to the world’s first reported 

experiment in artificial insemination after 

doctors manually obtained what was 

reported to be “watery and sterile” semen 
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rival) they shared power as, in effect, equals 

– enabling them to ride off separately in 

order to raise troops, chivvy allies and 

harass her enemies. It became a working 

relationship without par in the history of 

royal couples – an executive partnership 

based on mutual respect. 

In those heady, early years, Ferdinand 

chastised her for not writing. “One day we will 

return to our first love. But if your ladyship 

does not wish to be responsible for homicide, 

you must write and let me know how you are,” 

he said. Their re-encounters were joyful and 

fruitful (on one occasion taking just days for 

Isabella to get pregnant). It was also a 

punishing, nomadic way of life. Isabella rode 

for days as she rushed around the country to 

intervene in disputes and rebellions, with one 

such venture costing her the loss of an unborn 

child. Within six years, however, she had 

defeated her enemies, and most of Spain was 

theirs. No one dared challenge her again.

Castile itself was named after the castles 

that dotted a country that had slowly been 

carved out of Muslim lands after Iberia was 

overrun by invaders from north Africa in the 

eighth century. Centuries of slow 

‘reconquista’ had left the Muslims with just 

one Spanish kingdom, based on the Nasrid 

dynasty’s magnificent Alhambra palace 

complex in Granada. Crusading against the 

‘infidel’ fitted Isabella’s idea of herself as a 

God-appointed saviour of her country. The 

attacks she now launched on Granada also 

kept the troublesome Grandees busy. 

CHALLENGES OF WAR 
Isabella, a self-taught Latin speaker who made 

sure her four daughters and one son were 

properly educated by Italian humanists, kept 

the story of Joan of Arc on her bookshelf. She 

was no frontline warrior herself – as a 

traditionalist, she saw that as man’s work 

– but she enjoyed the challenges of warfare 

and became her own army’s quartermaster-

general and armourer, plotting campaigns 

Isabella and 
Ferdinand’s 
partnership was 
based on respect.  
It was without  
equal in the history 
of royal couples

Who were the next best European queens? 

Queen Victoria
Influential, but not in charge
Under Queen Victoria (1819–1901) Britain ruled the waves and covered 

the globe with the pink of empire. The long-lived monarch also styled 

herself Empress of India. Yet Victoria had relatively little to do with 

achieving this. She was a constitutional monarch, the figurehead ‘leader’ 

of one of the most advanced democracies of the time. Prime ministers 

Palmerston, Gladstone, Disraeli, Salisbury and others were the 

architects of the glories of her reign.

Catherine the Great 
A Russian power player
Often remembered for her supposedly voracious and eccentric sexual 

tastes, Catherine (1729–96) was one of the great Russian monarchs. As 

empress and autocrat of All the Russias, after ousting her own husband 

in a coup, she pushed Russia’s frontiers south to the Black Sea and west 

into Poland. She is seen as the natural successor to Empress Elizabeth, 

at a time when male emperors proved especially useless. 

Empress Elizabeth 
The first great Russian empress
Peter the Great’s daughter Elizabeth Petrovna (1709–62) personally 

roused and led the Lifeguard Preobrazhensky regiment to overthrow the 

child emperor Ivan VI and his regent in a bloodless coup in 1741. She 

inherited her father’s natural ability for government, with military 

campaigns, gaining her territory from Sweden and seeing off the threat 

of Prussia. She was also famously extravagant, spending lavishly on 

magnificent buildings. 

Maria Theresa of Austria
She bolstered the ailing Habsburg empire
Maria Theresa (1717–80) had 16 children and ruled for 40 years. She 

lost Silesia but shored up the Habsburg empire based on Austria and 

Hungary – and which stretched from Transylvania to Milan – by 

refloating a bankrupt government and reinforcing a diminished army. 

She was the last of the pure Habsburg line, but her son founded a 

successor branch – the House of Habsburg-Lorraine – that continued to 

rule over much of central Europe. 

Elizabeth I
Decisive, but wielded little global influence
Perhaps Elizabeth’s (1533–1603) greatest feat was to keep England out 

of the grasp of the ever-expanding Spanish empire. In 1588, Phillip II, 

Isabella of Castile’s great-grandson, launched his disastrous Spanish 

Armada as a crusade to return England to Rome’s obedience. England 

had long been losing continental territory. Yet Elizabeth’s reign 

reinforced national identity and institutions that would eventually help 

Britain take the baton of empire from Spain.

In Isabella’s shadow
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alongside Ferdinand. She built up a contingent 

of artillery so powerful that it turned the art of 

medieval warfare on its head. Thick castle 

walls, previously a guarantee of safety, 

crumbled before her cannon. 

On 2 January 1492, the last Nasrid king 

Boabdil was forced to leave the Alhambra, 

leading his family through what is still known as 

the Pass of the Moor’s Sigh. The Christian world 

was delighted. In London, Henry VII ordered a 

hymn of praise at St Paul’s. In Rome, a Spanish 

cardinal called Rodrigo Borgia (father to the 

infamous Cesare and Lucrezia) organised 

bullfights and processions. Eight months later, 

Borgia became Pope Alexander VI, putting a 

Spaniard in the Vatican.

The remarkable year of 1492 brought yet 

another move of momentous import. For 

seven years, a colourful Genoese sailor called 

Christopher Columbus had been in and out 

of Isabella’s court, hawking plans for a 

voyage into the unknown – by sailing west 

across the ocean to what he assumed would 

be the coast of Asia. He was turned down 

several times but, apparently at Isabella’s 

behest, there was a change of tack. He 

needed only a modest sum of money for his 

three small boats, and promised huge 

returns. Instead of finding Asia, Columbus 

bumped into the Caribbean islands. He was 

not the first European to reach the Americas 

(Nordic sailors had done so before), but 

Isabella was the first monarch to claim land 

and order that it be colonised. 

Columbus brought back tobacco and 

hammocks, but also indigenous Taino 

islanders – a people who would be wiped out 

by disease, hunger and war. Isabella at first 

approved of his plans to fund further 

discoveries with slavery. But she was troubled 

by whether – under church law – people from 

the Eden-like islands that she now ruled could 

be treated like black Africans, whom she had 

no qualms about enslaving. It was one of the 

few moral issues to weigh on her conscience.

A QUEEN IN DECLINE
As Spain’s power increased and large parts of 

Italy fell under its control, Isabella’s personal 

and family problems grew. Her only son Juan 

(“my angel”) died aged 19. 

Her beloved first daughter, Isabella, died in 

childbirth, leaving a baby grandson whom she 

cherished, but also watched die. Her three 

other daughters were sent abroad (with 

Catherine of Aragon marrying first Arthur, 

Prince of Wales, and then his brother, 

Henry VIII). The eldest of these – Juana ‘The 

Mad’ – fought with her mother and looked set 

to turn the crown of Castile over to her 

Habsburg husband, Philip the Handsome, 

Duke of Burgundy. 

Yet, by the time she lay on her deathbed in 

November 1504, Isabella knew that Castile 

and Spain were transformed. “Everyone 

agrees that the greater part of it all should be 

attributed to her,” the Florentine ambassador, 

and historian, Francesco Guicciardini 

commented a decade later. Spain was 

becoming Europe’s new superpower, to the 

fury of France. Soon it would have the first 

empire of lands on which, as England’s lord 

high chancellor Francis Bacon commented, 

“the sun never sets… but ever shines upon 

one part or other of them: which, to say truly, 

is a beam of glory”. 

The focus of world power, trade and 

technological progress moved slowly to the 

Atlantic rim. The fortunes of what would 

become known as western civilisation had 

been turned around by Isabella, surely 

Europe’s greatest ever queen. 

Isabella and Ferdinand conquer the Moorish fortress of Almeria, as depicted in a early 20th-century ceramic. 

She built up a 
contingent of 
artillery so powerful 
that it turned the art 
of medieval warfare 
on its head Giles Tremlett is author of Catherine of Aragon: 

Henry’s Spanish Queen
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Panpsychism – the idea that all matter, including rocks 
and particles, is conscious – is growing in popularity. 

Why? Because this theory may answer one of the 
biggest questions in science

WORDS BY PROF YUJIN NAGASAWA
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The theory of panpsychism gives 
consciousness to all matter, 

including the Easter Island statues
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CONSCIOUS MYSTERY
In HG Wells’s short story The Country Of The Blind, a 

mountaineer called Nuñez arrives at a hidden valley that 

is cut off from the rest of the world. The valley is 

occupied by a population consisting entirely of blind 

people. Nuñez tells them that he has the fifth sense 

called ‘sight’ but no one believes him. After living there 

for some time he falls in love with a local woman. The 

elders, however, object to their marriage because Nuñez 

is obsessed with the ‘non-existent’ fifth sense. His 

doctor suggests Nuñez’s eyes, which are causing his 

‘delusions’, be removed. Is it really impossible, even in 

principle, for Nuñez to make the people in the country 

comprehend what it is like to see things?

Wells’s story is reminiscent of a philosophical thought 

experiment introduced in 1982 by the philosopher Frank 

Jackson at the Australian National University, which 

vividly illustrates the mystery of consciousness. Imagine 

Mary, a brilliant future scientist who has always lived in a 

black-and-white room. Although she has never been 

outside her room in her entire life, she has learned 

everything there is to know about reality by studying 

physics, chemistry and neuroscience from black-and-

white textbooks and lectures on a black-and-white 

television. She knows exactly how the brain works and 

what kind of neural process takes place in any given 

situation. Suppose now that Mary leaves her room for the 

first time in her life and looks at, say, a ripe tomato. It 

seems reasonable to think that she will say, ‘Wow, this is 

what it is like to see red!’ She will learn something new. 

This seems to suggest that some knowledge can only be 

captured by conscious experience.

The brain is a highly complex system with the capacity 

to process information, but it is a mere organ, a material 

substance. There seems nothing more spiritual or 

supernatural about it than there is about the stomach or 

the lung. So how could the brain yield conscious 

experiences that are so dissimilar to processes like 

digestion and respiration? How could processes in the 

brain give rise to vivid sensations and raw feelings, such 

as the shooting pain of a leg cramp or the sublime 

pleasure one takes from listening to musical 

masterpieces? It seems difficult, if not impossible, for 

science to explain it.

THE PANPSYCHIST SOLUTION 
One might claim that the mystery of consciousness arises 

because we do not know enough about the brain yet. The 

mystery should be resolved, one might contend, when 

neuroscience makes sufficient progress. Yet critics find 

such a projection too optimistic. Physical sciences, such 

as physics, chemistry and brain science, are adept at 

explaining natural phenomena in terms of the structure, 

function and dynamics of material objects and properties. 

But consciousness does not seem to be a matter of 

structure, function or dynamics. Why do neural processes 

have to be accompanied by specific conscious 

experience? And why does consciousness exist in the 

first place? Physical sciences seem unable to answer 
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Many children exhibit 
animism, which is the 

belief that rocks, trees 
and inanimate objects  

have feelings

“Accordiinngg to  
one version of 
panpsychism, 
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The thalamus 
(highlighted) is a 
region of the brain 
that’s thought to be 
involved in the 
regulation of 
consciousness
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these fundamental questions. To use a metaphor, the 

mystery of consciousness is about explaining the ‘magic 

of turning the water of material processes’ into the ‘wine 

of conscious experiences’. Many scientists and 

philosophers have tried and failed to expose the trick for 

a long time.

Panpsychists try to solve this mystery by appealing to 

the radical hypothesis that everything in the Universe, 

including the subatomic particles of the brain, is 

conscious. They say that if the constituents of the brain 

are already conscious, then it is not much of a stretch to 

suggest that they give rise to a full-scale human 

consciousness when they are gathered and arranged with 

the necessary complexity. It is not a surprise that the 

‘wine of consciousness’ is produced from the ‘water of 

material processes’ if the water already contains wine.

So what is the consciousness of subatomic particles? 

Panpsychists do not necessarily say that these particles 

have conscious experiences in the same way that 

humans do. Particles have no sensory apparatus such as 

eyes or ears, so they do not enjoy visual or auditory 

experiences as we do; they must encounter something 

much more primitive. That is why some panpsychists call 

the consciousness of these entities ‘protoconsciousness’. 

Physical sciences postulate many fundamental features 

of the Universe, such as space-time, mass, charge and 

spin. These features are fundamental because they 

cannot be explained in terms of more basic features. 

Panpsychists say that the consciousness of subatomic 

particles is comparable to these fundamental features. 

They are the ultimate building blocks of reality that 

ground our fully fledged consciousness. Panpsychism 

offers a simple yet elegant solution to the mystery of 

consciousness. Consciousness is not a miraculous 

phenomenon that arises out of nothing in the brain, but 

something that exists everywhere in the Universe.

Exactly how the consciousness of subatomic particles 

can combine to form a full-scale human consciousness is 

a matter of dispute. Some panpsychists hypothesise that 

smaller conscious experiences merge or fuse to yield 

full-scale human conscious experiences. Some other 

panpsychists hypothesise that when an aggregate of 

small conscious experiences reaches a certain level of 

complexity, a full-scale human consciousness arises as 

an emergent property. These hypotheses are inevitably 

speculative as we do not have direct access to the 

consciousness of subatomic particles.

Critics argue that panpsychism faces a serious problem 

of its own: the combination problem. The combination 

problem was originally introduced by William James, the 

so-called father of American psychology. James presents 

the problem with this thought experiment. Take a 

sentence of five words, say, ‘It is a beautiful day’. Gather 

five people and assign one of the words to each person. 

Stand these people in a row and let each contemplate 

their own word as intently as possible. Is there now a 

consciousness of the entire group contemplating the 

whole sentence? No. Members of the group are 

individually conscious but their presence does not give 

rise to a unified consciousness of the entire group 

contemplating the whole sentence.

The point that James tries to make against 

panpsychism is this: if panpsychism is true, then the 

subatomic particles that constitute the brain are 

BELOW: Was Karl Popper, an 
influential 20th-Century 
philosopher, wrong to dismiss 
panpsychism as nonsense?

“Consciousness is 
not a miraculous 
phenomenon that 
arises out of 
nothing in the 
brain, but 
something that 
exists everywhere 
in the Universe”

ABOVE: 
Subatomic 
particles can 
help us explain 
the world, but 
could they also 
be conscious?
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Yujin is a professor of philosophy at the University of Birmingham. His 

new book Miracles: A Very Short Introduction will be out in November

conscious. However, it seems obvious that by gathering 

their mini consciousnesses we cannot obtain a full-scale 

human consciousness. The homogeneity of our conscious 

experiences seems to contradict the panpsychist thesis that 

our conscious experiences are aggregates of mini 

conscious experiences. The combination problem is widely 

considered the greatest challenge for panpsychism.

THINK BIG
Conscious experiences, which are smooth, continuous 

and homogeneous, are analogous to smooth paintings 

rather than to Impressionist paintings consisting of 

distinct dots of colour. This observation leads us to a 

variant of panpsychism, sometimes called 

‘cosmopsychism’. According to cosmopsychism, the 

consciousness of the entire Universe, that is, the cosmic 

consciousness, rather than the consciousness of 

subatomic particles, is a fundamental feature of reality. 

This view is remarkably similar to pantheism, which 

equates the Universe with God. Einstein expressed 

sympathy with pantheism when he said, “I believe in 

Spinoza’s [pantheistic] God, who reveals himself in the 

harmony of all that exists.” 

According to cosmopsychism, our smooth, continuous 

and homogeneous conscious experiences are segments 

of smooth, continuous and homogeneous conscious 

experiences of the whole Universe, rather than 

aggregates of small conscious experiences of subatomic 

particles. Smooth, medium-sized paintings (human 

conscious experiences) cannot be aggregates of distinct 

small dots (mini conscious experiences) but they can be 

segments of an equally smooth, large painting (cosmic 

conscious experiences).

Cosmopsychists say that consciousness is everywhere 

– not necessarily because subatomic particles are 

conscious, but because the entire Universe is irreducibly 

conscious. We may argue about how something large 

(cosmic conscious experiences) could be more 

fundamental than something medium (human conscious 

experiences) but this version of panpsychism does not 

face the combination problem. Cosmopsychism, 

however, perhaps stretches the imagination too far.

There is nothing more direct and certain than our own 

conscious experiences. The 17th-Century philosopher 

and scientist Rene Descartes famously said, “I think, 

therefore I am”. We can doubt all sorts of things around 

us but we cannot doubt the reality of our own existence 

because the very act of thinking or doubting proves the 

existence of our own consciousness – something must be 

there to do the thinking or doubting. The mystery of 

consciousness therefore persists.

So what do I think of panpsychism as a solution to the 

mystery of consciousness? On the one hand, I think the 

theory has some gaps to fill. It is unclear what conscious 

experiences of subatomic particles are, and how 

aggregates of them can yield full-blown conscious 

experiences. Without explaining these subatomic 

experiences fully, panpsychism cannot be considered a 

successful solution to the mystery. On the other hand, it is a 

highly attractive theory. It tries to explain how the brain can 

yield consciousness by stipulating the elegant thesis that 

the Universe is uniformly conscious. It seems to make more 

sense than its alternative: that full-blown consciousness 

suddenly came into existence through evolution in a tiny 

region of the purely material Universe. 
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How the 
Victorians  
ruined the world
We think of Britain’s 19th-century ancestors as great 
engineers and scientists but, asks Kat Arney, did their 
innovations cause more problems than they solved?

A ‘Twycliffe’ 
flushing lavatory 
from the turn of 
the 20th century

They sent sewage 
down the pan

They motored along the road 
to environmental disaster

One of the most notable inventions at 

that era-defining London expo, the 

Great Exhibition of 1851, was George 

Jennings’ water closet. Flushed with 

excitement at this toilet technology, 

many Londoners installed water-based 

loos in their homes, connecting them to 

surface drains. This might have made 

their lives less smelly but it wasn’t good 

news for everyone. Soon, the capital 

had become rife with cholera, prompt-

ing Sir Joseph Bazalgette to build the 

intercepting sewer system, along with 

impressive sewage pumping stations.

This rush to flush meant that more 

sustainable low-water solutions, such as 

Henry Moule’s earth closet (1860), failed 

to flourish. But waterless toilets like the 

Loowatt are gaining ground today, 

providing safe sanitation and generating 

fertiliser and energy to boost the local 

economy in developing countries. Where 

there’s muck, there’s brass!

The motor car traces its roots back to 

the 1860s, when Austrian inventor 

Siegfried Marcus built a pushcart 

powered by a gasoline-fuelled internal 

combustion engine. By the turn of the 

20th century, cars were becoming 

increasingly popular, opening up rural 

areas and giving travellers a taste of 

t f d

Today there are more than a billion 

cars worldwide, mostly powered by 

petrol or diesel engines, contributing to 

at least a tenth of global carbon dioxide 

emissions as well as other pollutants. 

On top of that, there are diesel-pow-

ered trains and ships, and those 

kerosene-burning jet planes. 
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They dabbled in the 
dark arts of social 
engineering

They opened the doors to a little  
grey invasion of Britain

In November 1859, barnacle-obsessive Charles 

Darwin published his most famous work: On the 

Origin of Species by Means of Natural Selec-

tion. Darwin visualised life on Earth as a mighty 

tree, covering the world with its “ever branching 

and beautiful ramifications”. Since then, data 

from all fields of science has shown that natural 

selection is a powerful driver that shapes 

species. It’s an idea that is as simple as it is 

powerful, and an example of Victorian scientific 

thinking at its very best.

But it was Darwin’s cousin, Francis Galton, 

who took this great theory too far. As well as 

inventing forensic fingerprinting and weather 

maps, Galton proposed that encouraging the 

most intelligent people to have children – while 

discouraging those at the lower end – would 

shift the curve and create a cleverer society. 

Coining the term ‘eugenics’ to describe his 

idea, Galton did not live to see it taken to 

grotesque extremes. Eugenics was still 

practised in some forms well into the 20th 

century, including enforced sterilisation of 

‘undesirables’ in the US and the enthusiastic 

promotion of birth control for native citizens 

living in British colonies.

e Victorians were big fans of the 

tural world, and wealthier 

izens built grand museums, 

os, parks, aquariums and 

iaries to display their biological 

bounty. Acclimatisation societies 

s rang up, taking British animals 

d plants to the colonies to 

p ovide a taste of home in exotic 

mes. Foreign species were 

i roduced to the UK in return, 

i cluding American grey squirrels 

d Japanese knotweed. 

The grey invaders quickly 

t-competed their native red 

usins (as well as giving them 

eadly squirrelpox), while Japa-

nese knotweed ran rampant across 

the gardens of England. On the 

positive side, Charles Darwin 

engineered a scheme to ‘re-green’ 

the desolate south Atlantic island 

of Ascension. Although Darwin’s 

experiment revealed how to bring 

ruined landscapes back to life,  

today’s conservationists are still 

struggling with the Victorian legacy  

of invasive species. 

An anthropologist measures 
a child’s cranium in 

Germany, 1932. Such 
practices were inspired by 

the eugenicist Francis 
Galton half a century earlier
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Dr Kat Arney is a science writer, 

broadcaster and author of Herding 

Hemingway’s Cats: Understanding How Our 

Genes Work (Bloomsbury, 2016)
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Welcome to the

In deepest Devon sick 
and orphaned bats are 
given a second chance 

at life. Ben Hoare 
meets a wildlife hero

bat cave
PHOTOS BY NICK UPTON

Batwoman to the rescue: 
Samantha Pickering uses 
a micropipette to give a 
one-week-old pipistrelle bat 
a life-saving drink of warm 
goat’s milkA
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Clockwise from 
top left: Sam 
inspects a bat 
that had become 
stuck to flypaper; 
gently cleaning 
a newly arrived 
brown long-eared 
bat; feeding Nico, 
a noctule bat that 
has lived with 
Sam for three 
years; a Leisler’s 
bat tucks into a 
tasty mealworm

outh of Exmoor, I turn off a busy A road and 

stop by the house I’ve heard called the ‘Batty 

Ford Clinic’. From outside it looks like any other 

in the village. Samantha Pickering opens the front door 

holding her three-week-old daughter – adorable in a 

bat-themed Babygro – and ushers me into the living room 

while fending off a friendly Rhodesian ridgeback. I spot 

a tub of mealworms, a pipette and medical inspection 

gloves. In one corner is a cot full of bat toys, in another 

an incubator. “For my other babies,” laughs Sam.

“Right now I have three pipistrelles in the incubator,” 

she says. “One is five weeks old, the others around four 

weeks. Baby ‘pips’ need feeding every couple of hours, 

so bat rescuers set an alarm for the night-time feeds, 

though this year my own baby does it for me!”

Back in July, when Sam first told me that she had 

just given birth, I suggested postponing my visit, but 

she would have none of it. “Don’t be silly,” she insisted. 

Sam has her hands full and likes it that way. As well as 

alternately feeding hungry bats and her own infant day 

and night, she has four teenagers to think of. In the back 

garden there are numerous older bats of varying species 

and ages in a purpose-built shelter and flight cage – 

one of the country’s largest bat-rescue facilities. And 

the household also includes a husband, two cats, two 

rabbits, two guinea pigs, five chinchillas, a tame jackdaw 

(it comes and goes as it pleases), that impressive species 

of Australian lizard, the bearded dragon, and an African 

pygmy hedgehog.

“They are mainly rescue animals,” says Sam, whose 

fascination for bats began when she was six. “People hear 

that I love bats and as word spreads bring all kinds of other 

creatures that need rehoming.” Most of the bats in Sam’s 

expert care come straight from the wild, but last October 

she was asked if she would take 40 Egyptian fruit bats from 

a collection no longer able to keep them. “Sadly, I didn’t 

have room – fruit bats need lots of space. But after a flurry 

of emails among batworkers, we found a zoo that did.”

BATTY ABOUT BATS
Sam has ministered to most of Britain’s 18 species – South-

west England is a bat hotspot – since opening her sanctuary 

in 2013, a year after training as a voluntary bat carer with the 

Devon Bat Group. June and July, when bats give birth, is 

her busiest time. Autumn is also hectic, as many youngsters 

on the wing for the first time get into trouble, either crash-

landing or misjudging aerial manoeuvres.

S
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Luckily, with a little ‘tlc’ the 
teeniest scraps of skin, 
bone and fur can be saved

Adult males – “hormonal dads” Sam calls them – are also 

often injured during the autumn breeding season (females 

give birth the following summer). “With their minds on one 

thing, amorous males make so much noise they attract 

predators,” she says. “Domestic cats are a real menace and 

account for 70 per cent of the casualties I see.”

Other dangers include uncovered water tanks in lofts 

and collisions with sticky flypaper. And bats suffer from 

unscrupulous or careless building work, despite the fact that 

all bat roosts in Britain are strictly protected – it’s a criminal 

offence to disturb roosts, even if the bats are away.

TENDER LOVING CARE
In summer, meanwhile, nursing babies may become 

separated from their mothers and risk being grounded. 

“In the first week of its life, a baby bat will usually survive 

a fall, because its mum can still pick it up off the floor and 

fly away with it,” explains Sam. “But if you ever see a pink 

bat without its mum, something’s seriously wrong.”

Luckily, with a little ‘TLC’ the teeniest scraps of skin, bone 

and fur can be saved. If a bat survives its critical first two 

days in Sam’s sanctuary, it has over an 80 per cent chance 

of recovering to be released back into the wild.

The Brinsea incubator, designed for rearing poultry, 

is new. It was paid for by the picture agency representing 

Nick Upton, whose photographs illustrate this article. 

Above: Pipistrelle 
bats are frequent 
guests. The pup on 
the left is a common 
pipistrelle, and the 
other a soprano 
pipistrelle. Note 
the wing claws on 
modified ‘thumbs’

How a rescued bat is 
restored to full health
Rehabilitating bats is intensive work. “As a bat carer you are living, 

breathing bats 24/7,” Samantha Pickering says. First, each new 

patient is assessed carefully. Bats with horrific injuries may have 

to be put to sleep, but torn ears and even large holes in wing 

membranes will heal in a month or two. Next the bat carer cleans any 

wounds, for example with olive oil and gentle detergent. The patient 

is dried off, often over a heat mat, and any mite infestations are 

treated. Then begins the process of teaching it to take mealworms 

from the hand. The bat is introduced to a flight 

cage to learn (or relearn) how to fly, and then 

finally set free.
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“It’s transformed what I can do,” Sam says. She finishes 

feeding her newborn, pulls on a pair of cotton gloves, 

then oh-so-gently lifts out a minuscule bat. “This is a 

common pipistrelle. You can tell by its dark bandit mask 

and black ‘tights’. Soprano pipistrelles have tawny fur 

and a paler face.”

MEAL TIME
Picking up a mealworm, Sam squeezes it to force out 

the innards, like toothpaste from a tube, and proffers it. 

The bat half nibbles, half sucks its gooey meal, revealing 

needle-like teeth. Sam holds up another grub, then fondly 

gives the baby a drink of water through a micropipette 

(younger ones receive goat’s milk, which bats digest 

well). She returns the baby to the snug incubator and 

repeats the procedure with the other pups. “If they’re on 

track, their forearms should grow 1mm a day,” she says.

Tending to bats is hard work. The problem is their 

diet: live invertebrates. One study found that a single 

n consume 3,000 midges a night. Sam 

li es this with mealworms and larger morio 

w beetle larvae sold as food for wild birds and 

les). Occasionally, she offers crickets or 

c k ches to the bigger bats such as noctules, 

ines and Leisler’s.

S nce bats naturally catch prey in mid-air or, in 

Nico the noctule
“Nico rules the roost,” Samantha Pickering laughs. One of her long-term 

residents kept under licence, Nico arrived in 2014 after suffering brain 

damage when his roost – an old telegraph pole – was taken down. He 

lives permanently at North Devon Bat Care. Though he can’t be released, 

he leads an active life as an “education bat” – Sam briefly brings him out 

at the end of her talks (above). Some people are wary at first, but he is 

invariably a big hit. “Nico’s a showman,” Sam says. “He squeaks every 

time he gets his food and the children love that.”

CLOCKWISE 
FROM ABOVE: a 
brown long-eared 
bat in Sam’s 
flight cage; the 
same bat has 
a test flight; a 
Natterer’s bat; 
Nico the noctule 
wows the crowds 
at an outreach 
event; Nico in 
close-up

pipistrelle can

replicate

worms (
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the case of long-eared bats, glean it from foliage, they must 

be taught how to cope with this strange alternative diet. 

Training them takes dogged resolve, yet Sam is convinced 

that they “somehow understand you are trying to help. 

They’re very accepting of what you’re doing, unlike rescued 

hedgehogs, which I’ve worked with before.”

At peak times Sam might be looking after 25 pups 

at differing stages of development. Older bats in the 

outdoor shelter don’t need such frequent attention, but 

all feeds have to be painstakingly recorded and bats 

measured and weighed to check their progress. “When I 

began rehabilitating bats in 2013, I thought I might get 30 

or so but received 65, and since then everything has just 

snowballed. In 2016, I took in 250 bats.”

Most come from members of the public. “Weak, injured 

or grounded bats are picked up in all sorts of odd places, 

including a very rare female grey long-eared bat found in 

a car park last year,” Sam says. Others are passed on by 

the police or by Somerset’s RSPCA West Hatch Animal 

Centre and Secret World Wildlife Rescue, a few junctions 

north up the M5. “They arrive from further afield too. 

Once I was sent a poorly bat from Hampshire.”

One reason so many bats end up with Sam is because, 

although over 430 trained rehabilitators are listed on the 

Bat Conservation Trust’s UK Bat Care Network (most of 

whom volunteer through their local bat group), the country 

has only 11 large flight cages for bats to recuperate. Most 

seem to belong to female volunteers like Sam.

Handing her now-sleeping baby to another daughter, 

Sam takes me to see her own shelter and flight cage. 

It resembles a heavy-duty garden shed with an aviary 

attached, but has been meticulously built to cater for bats’ 

every need. “Welcome to the bat cave,” says the doormat.

Inside the walls are lined with bat boxes, housing a mix 

of short- and long-term residents. Soon I am meeting 

Nico the noctule, one of Sam’s favourites, and his current 

box-mate Lightning, a Leisler’s bat. Looking at them 

in the hand, I’m struck by how incredibly delicate and 

human their faces are. Next door is a separate maternity 

roost, with cloth-covered walls for nursing mothers to 

crawl behind.

FLIGHT CLUB
Hatches enable Sam to exercise bats that can fly by 

transferring them to the outside flight cage. This in turn 

contains more boxes for bats that already fly strongly and 

are well on the way to eventual release. When I visit, there 

is a long-eared and Daubenton’s bat, several pipistrelles 

and an impressive serotine Sam calls Trojan. In addition to 

their mealworm diet, the bats catch insects attracted to the 

cage by a light Sam leaves on overnight – she has planted 

a wildflower garden alongside to ensure plenty of insects.

Sam’s entire operation is self-funded. She is paid for 

giving talks to schools, youth groups, old people’s homes 

and the WI, and for carrying out the odd bat survey, but 

otherwise relies on donations. “It can be a struggle. I 

must get through 40kg of mealworms a year, as well as 

lots of boxes of gloves, pipettes and kitchen roll.”

Her dream is to set up a British bat centre with National 

Lottery funding. “It would have a rehabilitation area with 

flight pens, an education space, a lecture theatre…” 

There’s no doubt of the need to enlighten people about 

these much-misunderstood mammals. Even today, bats 

are typecast as blood-sucking fiends, especially around 

Halloween, while to some property developers they are 

simply winged rats.

“You’d get schoolkids, tourists, even builders,” Sam 

continues. “And you could train the next generation of 

bat carers.” She grins. “Bats are so rewarding to be with. 

Setting them free in the wild is a bittersweet moment, but 

when you see them do a few circuits around your head 

before flying off, it’s as if they are saying goodbye.” 

“ Bats somehow understand 
you are trying to help. They 
are very accepting of what 
you’re doing.”

Left: Sam 
releases young 
common 
pipistrelles 
into her flight 
cage at dusk to 
exercise

Below: when 
Sam is confident 
that a bat can 
fly strongly and 
hunt prey on 
the wing, it is 
set free into the 
darkening sky

Ben Hoare is a Writer and an Editor, as well as a birder and beekeeper. 

He visited the Devon bat hospital in July
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Dan Falk and Jamie Carter discuss the  
moment when day turned into night across North America
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BELOW: Faurot Field, home to the 
Missouri University Tigers football team,  
hosted an eclipse-viewing event

he date is etched in the brains of eclipse 

enthusiasts: 21 August 2017. On that 

Monday, for the first time in nearly 40 

years, the path of a total solar eclipse cut right 

across the US. For about two and a half minutes, 

the Moon completely covered the face of the 

Sun, turning day into night.

For thousands of years, solar eclipses were  

seen as shocking and fearful events; our 

ancestors would witness them and wonder if the 

world was coming to an end. Today, eclipses no 

longer take us by surprise: astronomers can 

calculate when an eclipse will occur hundreds of 

years in advance. Knowing the physics behind 

an eclipse, however, doesn’t diminish the 

spectacle. A total solar eclipse is, quite simply, a 

spellbinding event, one of the most captivating 

phenomena the natural world has to offer. 

People that have never seen a total eclipse 

might question what all the fuss is about, says 

astronomer, author and photographer Alan Dyer. 

“They think it just gets dark, the same way it 

does every night. No! A total eclipse is unlike 

anything you’ve experienced,” says Dyer, who’s 

seen 15 total eclipses over the past 40 years. 

“You see, hear and feel a total solar eclipse. 

Experience one and you’ll be hooked.”

CHEAP THRILLS
There’s another bonus: an eclipse can be 

enjoyed without any expensive astronomical 

equipment; you don’t need to go out and 

purchase a telescope or even a pair of 

binoculars. A word of caution is in order, though. 

During the partial phases of the eclipse, when 

some portion of the Sun’s disc remains visible, 

it’s not safe to view directly without eclipse 

glasses or equipment fitted with a certified solar 

filter. But when the Moon is completely covering 

the Sun – during the total phase of the eclipse – 

you can gawk at it safely. You can even use 

binoculars or take photographs with a telephoto 

lens (again, that’s only during totality).

It’s been a long wait for the Moon to cast its 

shadow on US soil again. The last time it 

happened was back in 1991, when it landed in 

Hawaii but didn’t reach the mainland. Prior to 

that it was 1979, when observers in the 

contiguous 48 states last saw a total eclipse, 

and even then it was only visible from the 

northwestern corner of the country.

The situation for eclipse observers was very 

different in August. The path of totality  

– the narrow zone within which the total eclipse 

is visible – was just 110km (68 miles) wide, but 

stretched from coast to coast, running from 

Oregon to South Carolina. 

During a solar eclipse, the Moon’s shadow 

(think of it as a long, narrow cone that points 

away from the Sun) makes contact with Earth’s 

surface. Since Earth rotates east to west, the 

Moon’s shadow travels along in the opposite 

direction, running from west to east. After 

making landfall on Oregon’s Pacific coast, the 

shadow continues east through the Rockies and 

on into the nation’s heartland. It continues its 

eastward rush, crossing the Appalachian 

T
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ABOVE: The path of totality can be seen by the wide grey strip

BELOW: The Moon completely obscures the Sun’s disc at 
totality, bringing our star’s corona into stark contrast

mountains and finally zipping across the 

Carolinas and out over the Atlantic, near the 

historic city of Charleston.

Note that simply being within the path of 

totality isn’t enough: you want to be near the 

middle of the path, known as the centre line. 

Most locations near the centre line experience 

about two and a half minutes of totality. People 

living just south of Carbondale, Illinois, can brag 

that they got the longest duration of totality, with 

a little over two minutes and 40 seconds. That 

duration drops sharply as you move away from 

the centre line. Meanwhile, anyone viewing from 

north or south of the path of totality experienced 

a partial eclipse – far less dramatic than totality. 

As the moment of totality approaches, the 

entire landscape can appear altered. In the half 

“You see, hear and feel 
a total solar eclipse. 
Experience one and 
you’ll be hooked”
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an hour or so before the Sun disappears, the 

quality of the light changes, shadows get 

sharper and the temperature drops. Dogs bark 

and roosters crow in confusion. This is the 

moment to make sure the batteries in your 

cameras are fully charged.

Because the eclipse path cut right through the 

US, a record number of people were expected to 

witness the spectacle. More than 10 million 

Americans live within the path of totality; nearly 30 

million live within 100km (62 miles) of the path. 

LOCATION, LOCATION, LOCATION
With the eclipse’s path running some 4,500km 

(2,796 miles) across America, how did people 

decide where to go to watch it? The weather, of 

course, was a big issue. Roughly speaking, the 

weather prospects improve from east to west; 

West of the Mississippi, there was a better than 

50/50 chance of having a clear sky on 21 

August, based on many years of climate data. Of 

course, what the local forecast says the day 

before the eclipse is more important than 

historical weather data! Some of the driest 

spots, with the highest chances of clear skies, 

included the valleys of central Oregon and 

central Idaho; some locations had a roughly 

three-in-four chance of cloudless weather. And 

of course, there’s the scenery. No doubt, many 

visitors will be drawn to places like Grand Teton 

National Park, in northwest Wyoming, right 

inside the path of totality. Nearby Yellowstone is 

“Dogs bark and 
roosters crow in 
confusion. This is the 
moment to make sure 
the batteries in your 
cameras are charged”
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Five of the best locations that saw totality 

TOP PLACES TO 
VIEW THE ECLIPSE

GRAND TETON NATIONAL 
PARK, WYOMING
The park features some of the most spectacular 

mountain scenery in the US, and equally 

majestic Yellowstone, known for its wildlife as 

well as the Old Faithful geyser, is right next door.

CHARLESTON, SOUTH CAROLINA
Tourists and history buffs flock to this 

picturesque city on the Atlantic coast, even 

when there’s no eclipse. The first shots of the 

American Civil War rang out over Charleston’s 

harbour on 12 April 1861.

CENTRAL NEBRASKA
What’s in central Nebraska? A useful 400km 

(250-mile) stretch of Interstate 80, which 

runs along the path of totality. 

CARBONDALE, ILLINOIS 
A spot just south of this small university city 

boasted the maximum duration of totality. 

Totality is expected to be just over two 

minutes and 40 seconds here.

MADRAS, OREGON 
This part of Oregon boasts some of the 

driest conditions anywhere along the path 

of totality. 
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Missed experiencing the main event? Fear not, here are some alternatives 

W H AT  T O  D O  I F  YO U  C O U L D N ’ T  
T R AV E L  T O  T H E  PAT H  O F  T O TA L I T Y

Although a total solar eclipse was 

visible only to those within the path of 

totality, people all over the continental 

US – as well as Mexico, Canada and in 

the Caribbean – were able to view a 

partial solar eclipse. For instance, New 

York City and Los Angeles saw a 71 per 

cent and 68 per cent eclipse, 

respectively. Denver and Seattle both 

got a 92 per cent ‘deep partial’ eclipse. 

Lowell Observatory in Flagstaff, 

Arizona held an event to view a 70 per 

cent partial eclipse through solar 

telescopes. But you can easily do some 

science in your backyard. When the 

Sun is eclipsed more than about 50 per 

cent, hold up a colander, or anything 

with well-defined holes, in front of 

some white card to see projections of 

tiny crescent Suns. 

While total solar eclipses are not 

particularly rare (they happen about once 

every 18 months somewhere on the 

planet), any one location should 

statistically not expect more than one 

every 375 years. Australia massively 

bucks that trend in the 2020s and 2030s 

with a stunning five total solar eclipses in 

just 15 years. It begins in 2023 when 

Exmouth Peninsula in Western Australia 

– famous for whale sharks and 

humpback whales – is grazed by totality. 

But it gets better. In 2028 a solar eclipse 

will cross Australia, and those in Sydney 

will get an unbelievable four minutes of 

totality. “It’s another eclipse in my home 

and I cannot wait!” says Dr Kate Russo, 

an Australian-born psychologist who 

studies people’s reactions to watching 

totality. Australians will experience 

totality again in 2030, 2037 and 2038. 

NASA organised a four-hour Eclipse 

MegaCast across multiple platforms. 

The MegaCast was streamed live by 

NASA TV (nasa.gov/multimedia/

nasatv), as well as by all PBS stations 

in the US. “The eclipse has a narrow 

path and there’s only so many 

universities it goes through, and we’re 

close to the point of greatest duration” 

said Bob Baer of Southern Illinois 

University’s physics department in 

Carbondale, which was chosen by 

NASA to host a large-scale broadcast 

and stream from their campus. Baer 

is the organiser for eclipse events at 

Carbondale – which enjoyed totality 

for two minutes and 38 seconds. The 

public observing event was held in the 

Saluki Stadium, and outside there 

was a studio from where the 

broadcast was sent around the world.  

The question after experiencing the 

totality on 21 August 2017: when is 

the next eclipse? The answer is 2 

July 2019, when a total solar 

eclipse crosses the South Pacific 

(just north of Pitcairn Island), Chile’s 

Elqui Valley, and the Argentinian 

Pampas. The European Southern 

Observatory’s La Silla site will be 

thrown under the Moon’s shadow. 

On 26 December 2019 there is an 

eclipse across the Arabian 

peninsula, India and Singapore, but 

this time it’s an annular eclipse, 

which means the Moon will be 

furthest away from Earth in its 

elliptical orbit. This means the Moon 

doesn’t block the Sun completely, 

so there’s no totality but a ‘ring of 

fire’ eclipse instead.

FIND THE ECLIPSE 
ONLINE

PLAN A VISIT TO THE 
SOUTH PACIFIC, CHILE 
OR ARGENTINA

SOME SETTLED FOR A 
GLIMPSE OF A PARTIAL 
ECLIPSE

MOVE TO 
AUSTRALIA
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As well as sitting back and enjoying the spectacle,  

here’s how people took part in some citizen science

H O W  P E O P L E  G O T  I N V O LV E D

CROWDSOURCING 
THE CORONA
THE ECLIPSE 
MEGAMOVIE PROJECT
eclipsemega.movie

THE AUDIBLE
ECLIPSE
THE ECLIPSE 
SOUNDSCAPES PROJECT
eclipsesoundscapes.org

REACTIONS TO 
TOTALITY 
LIFE RESPONDS 
bit.ly/life_responds

Photographers were able to help 

produce a high definition, 

time-expanded video of the entire 

event. The Eclipse Megamovie 

Project was headed-up by the 

University of California and Google, 

and is citizen science at its most 

traditional. Organisers aimed for over 

1,000 volunteers to pinpoint their 

location on a Google Map, then send 

in their photos of totality. 

As well as allowing scientists to 

study how the Sun’s outer 

atmosphere (the corona) changes 

over a few hours, it will also be 

possible to see how it changes over 

seven years when the project returns 

during the next US total eclipse on 8 

April 2024. 

Observing an eclipse is often 

presumed to be a solely visual 

phenomena, but there’s plenty to 

listen to during a total solar eclipse. 

The Eclipse Soundscapes Project 

used an app to allow citizen 

scientists to record sounds before, 

during, and after the 21 August 

eclipse. The project is focused on 

capturing people’s reactions for 

sociologists, but also to collect data 

on the soundscapes of wider 

natural environments such as a 

change in birdsong. It’s an attempt 

to provide evidence to naturalists of 

the effect of an eclipse, but it will 

also give the blind and visually 

impaired an opportunity to 

experience a total solar eclipse. 

While there is anecdotal evidence that 

wildlife reacts to the darkness that 

totality brings, there’s not much hard 

science. On 21 August , citizen 

scientists were asked to upload 

observations using an app. “The 

iNaturalist app is pretty well used 

internationally to observe wildlife,” 

says Elise Ricard at the California 

Academy of Sciences, which led  the 

project. The team assembled a list of 

target plants and animals before the 

big day. “We’re asking people to take 

at least two, and preferably three, 

photographs of plants and animals: 

one at least 30 minutes prior to totality 

– or greatest partial eclipse, depending 

on where you are – one within five 

minutes, and another 30 minutes 

after,” Ricard said. 

STUDYING THE 
IONOSPHERE 
HAMSCI
www.hamsci.org/node/122

Ham radio enthusiasts helped with an 

experiment called HamSCI that 

studies the ionosphere, a 

little-understood layer of the Earth’s 

atmosphere. On the dayside of Earth, 

solar radiation creates a strong 

ionosphere; on the nightside, it 

weakens. The ionosphere weakens 

during a total solar eclipse too, but it’s 

not known how much of the 

ionosphere is affected, or for how 

long. Changes to the ionosphere 

during the eclipse will affect 

radiowave propagation, so the 

researchers behind HamSCI wanted 

amateur radio enthusiasts to transmit 

at various frequencies during the 

eclipse, then cross-referenced the 

results with automated ionospheric 

monitoring networks. 
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just outside the path, but many people were 

likely to drop by for a visit before or afterward.

Another big unknown, apart from the weather, 

was the size of the crowds. “My guess is that 

they’ll come by the thousands, from all over the US 

and other parts of the world,” said Randy Holst, 

president of the Boise Astronomical Society in 

Idaho. Congestion was a real concern: most of the 

highways in the Northwest, especially those in the 

mountains, are two-lane, winding roads. And as 

Holst and others point out, this part of the country 

is famous for its natural beauty and is often packed 

with tourists in August, even when there isn’t an 

eclipse. But remember, this is an eclipse that you 

could, at least in theory, drive to. 

Farther east, the population density is greater, 

which means that millions of Americans were 

able to see the eclipse from their backyards. Don 

Ficken, who heads the Eclipse Task Force for 

the greater St Louis area in Missouri, said “this is 

a historic event.” In Columbia, Missouri, 50,000 

people were expected to gather at a public event 

at the city’s football stadium; meanwhile, the 

airport in St Joseph, in the northwest of the 

state, hosted up to 60,000 people at an eclipse-

viewing event. 

But what if you missed this particular eclipse? 

The next total solar eclipse you could go and 

witness will happen on 2 July 2019 – the path of 

totality passes through Chile and Argentina. The 

next one visible from the US comes on 8 April 2024.

As solar eclipses go, this one was fairly 

accessible and the weather prospects in many 

locations were reasonably good. As far as 

witnessing the next one goes, as Jay 

Anderson, a meteorologist and avid eclipse 

chaser puts it, “You only go around once. So 

do it while you can.” 

ABOVE: Traffic gets busy at 
prime eclipse spots, so leave 
plenty of time for journeys

“You only go around 
once. So do it while 
you can.”
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ost kindly described as 

‘saggy sausages with legs and 

teeth’, naked mole rats are one 

of the strangest looking animals 

on Earth. But their appearance 

belies a remarkable set of traits. Over 

the past few decades, scientists have discovered that this 

hairless rodent is immune to cancer, resistant to pain, 

capable of surviving without oxygen, and able to live for a 

remarkably long time.

Whereas most similarly sized rodents last only a few 

years (rats reach four years maximum), naked mole rats 

can survive into their thirties, five times longer than 

expected for their body size. The current record is held 

by ‘Old Man’, who was 32 when he finally passed away 

in 2010. Old Man wasn’t even unusual, as most naked 

mole rats easily make it into their late twenties.

Unsurprisingly, this peculiar longevity has been 

capturing the attention of scientists around the world. 

What is this rodent’s secret to long life, and might we 

even be able to harness it for ourselves? Let’s go 

underground…   

MEET THE MOLE RATS
Naked mole rats are actually neither moles nor rats, but a 

rodent more closely related to porcupines and guinea pigs. 

They live in large colonies beneath the East African desert, 

constantly tunnelling in search of the elusive but tasty plant 

roots that make up their diet. 

Strangely for rodents, only a few animals in the colony 

are sexually active: a sole dominant queen who rules the 

roost, and a handful of lucky stud males. The rest stay as 

non-breeding workers responsible for digging, 

maintaining and guarding their twisting network of 

tunnels. This unusual lifestyle first caught the attention of 

researchers as far back as the 1970s, who brought wild 

naked mole rats from Africa to establish colonies in labs 

and zoos around the world. 

One such colony can now be found at Queen Mary 

University of London. Here, I visit mole rat expert Dr Chris 

Faulkes, who takes me into a stifling room full of 

interconnected transparent plastic pipes teeming with 

nearly 300 busy, pink bodies. The warm air buzzes with 

the constant sound of scratching – their teeth are 

continually growing, so they have to keep gnawing at the 

tunnel walls – interrupted with high-pitched squeaks and 

occasional scuffles.

Faulkes reaches into a nest box to retrieve a heavily 

pregnant queen. Looking at the wriggling rodent in his 

hands, I can’t help thinking that it already looks like a 

caricature of a centenarian with its sagging, hairless 

skin. “They live in the dark – their looks don’t matter!” he 

laughs. Even the babies share this ancient appearance, 

although apparently the oldest animals do have more 

papery, pale skin and a ‘jowly’ look about them. Naked 

mole rats also stay fit and healthy far longer than most 

other mammals, maintaining their youthful good looks 

and vigour for at least two-thirds of their lifespan. 

As Faulkes explains, the key to the naked mole rat’s 

longevity lies in understanding their lifestyle and underlying 

biology. “Most people would agree that it’s a whole 

combination of factors that all come into play,” he says. 

“Naked mole rats have a low body temperature and a low 

metabolic rate, they’re in a calorie-restricted environment, 

and they have a whole raft of biochemical and genetic 

differences that we’re only just starting to unravel.”

UNDER THE SKIN
Shielded from the scorching sunshine in their native 

Ethiopian landscape (or warmed by a heater in the 

laboratory), the mole rats’ burrows stay at a constant 

ABOVE: Their teeth can 
tackle a diet of roots 
and tubers, but also 
help the mole rats dig 
through soil 

RIGHT: Dr Chris Faulkes 
with one of his naked 
mole rats
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30°C. As a result, they’ve evolved to dispense with the 

effort of maintaining the body temperature of around 

37°C that’s found in most other placental mammals, 

instead conforming to the relatively lower temperature of 

the subterranean world around them. “The environment 

they live in is what drives a lot of their weird biology,” 

explains Faulkes. “They don’t need so much energy 

because they’re not thermoregulating, so they can get 

away with eating much less.”

There’s a well-established relationship between 

having a lower body temperature and a longer life, and 

evidence from many species – including fruit flies, 

worms and mice – suggests that a low-calorie diet can 

significantly extend healthy lifespan. Exactly how this 

works isn’t clear. Some researchers suggest that a low-

cal, low-temperature lifestyle reduces the production of 

damaging chemicals called free radicals, which are 

created as cells make energy. Others think the 

explanation is more likely to lie in altered levels of 

hormones and other molecules that drive cell growth. 

The naked mole rat’s vegetarian diet probably plays a 

role too. Their favourite foods are rich in chemicals 

known as polyphenols, which are thought to combat 

ageing and boost health.

And there are more tricks up the naked mole rat’s wrinkly 

sleeve. Many mammals succumb to cancer as they get 

older, but mole rat tumours are vanishingly rare, with only a 

handful of cases documented in more than a thousand 

captive animals. In 2013, scientists discovered that this is 

at least partly due to naked mole rats having an unusually 

large and sticky version of a molecule called ‘high-

molecular-mass hyaluronan’, which glues cells together.

As well as apparently making their skin super-stretchy 

so that they can squeeze through the tightest of tunnels, 

the hyaluronan seems to reinforce contacts and 

communication between a mole rat’s cells, stopping 

them from running out of control and turning cancerous. 

Researchers are now investigating the underlying genes 

and molecular pathways responsible, to see if we can 

use this knowledge to increase human lifespan. Whether 

this means we would also end up with the same baggy, 

stretchy skin as the naked mole rats remains to be seen.

A MATTER OF LIFE AND DEATH
There’s a further question that needs answering. While we 

know that naked mole rats can live for decades, we don’t 

really know how they finally die. Infections are rare, barring 

the odd tummy bug, and the most common cause of death 

is violence. Fights are relatively uncommon, but those 

sharp teeth can be lethal. Other than that, it’s a mystery.
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“I had an old one die the other day, but by the time I 

found him it wasn’t very pleasant as the room is so 

warm,” Faulkes recounts. “What is it that packs up first? 

Is it their ticker or something else? Nobody really 

knows.” He and his team have found no signs of heart 

problems or cardiovascular disease in their older 

animals. Naked mole rats also seem to avoid the typical 

muscle wasting that sets in with old age until their very 

late twenties. 

To find out why, the researchers are investigating 

mole rat mitochondria – the microscopic ‘power 

stations’ inside cells. Unlike other cellular structures, 

mitochondria have their own DNA that contains a 

handful of genes. This DNA tends to pick up damage 

over time, eventually causing mitochondria to wind 

down in later life. 

Faulkes and his team have found that muscle fibres in 

older naked mole rats look just as good as those in 

younger specimens, and are bursting with young-looking 

mitochondria. Furthermore, certain mitochondrial genes 

are much more active than those in mice, and there are 

many more copies of the mitochondrial DNA. He thinks 

this extra DNA dose might be buffering the effects of 

genetic damage, keeping mole rat mitochondria 

powering on well into old age.

GENETIC SECRETS
Dr João Pedro de Magalhães and his team at the 

University of Liverpool have also gone in search of the 

Could one of these other long-lived animals hold 
the key to living forever?

AS OLD AS  
THE HILLS

OCEAN QUAHOG CLAM
Living in the chilly Arctic seas, ocean quahog 
clams have such a slow metabolism that they 
can live for centuries. One clam, known as 
Ming, was thought to be 507 years old when 
captured. Ocean quahogs also don’t seem to 
age once they’ve reached maturity – this is 
known as ‘negligible senescence’.

BOWHEAD WHALES
Thought to be the longest-lived mammals, 
one male bowhead whale has been estimated 
to be 211 years old. Scientists studying the 
bowhead genome have discovered 
interesting variations in genes involved in 
cell growth, DNA repair, ageing and cancer, 
hinting at possible reasons for their 
longevity.

‘IMMORTAL’ JELLYFISH
Officially known as Turritopsis dohrnii, these 
jellyfish aren’t strictly long-lived, but they do 
have the ability to completely regenerate in 
the face of starvation, injury or other stress. 
Adult jellyfish can shift all the way back to an 
embryonic state, effectively respawning and 
starting the game of life again.

BRANDT’S BAT
Several species of bat can live for at least 20 
years, but the Brandt’s bat holds the record 
at 41. Its small size gives it the longest 
lifespan in proportion to body size of any 
mammal, and its longevity is thought to be 
down to mutations in two genes involved in 
its hormone system.

GIANT TORTOISES
Galapagos and Aldabra giant tortoises are 
renowned for their impressive age and slow 
lifestyle. One Galapagos tortoise, Harriet, 
was reportedly collected by Charles Darwin, 
dying more than 150 years later in 2006. An 
Aldabra tortoise, Adwaita, was estimated to 
have died at 255, which would make him the 
oldest terrestrial animal known to science.

SCIENCE
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secrets of longevity. They’ve been digging into the DNA of 

long-lived animals, including the naked mole rat. As might 

be expected for a species with such a weird lifestyle and 

biology, mole rats have plenty of fascinating genetic 

adaptations for life in stuffy, pitch-black burrows. They also 

have some intriguing traits that might help to explain their 

lifespan, right down to the cellular level. 

“We find differences in genes involved in the response to 

DNA damage associated with ageing, compared with other 

animals,” says de Magalhães, “and we know that cells from 

naked mole rats are more resistant to stress and damage.” 

This explains how mole rat cells seem to shrug off toxic 

chemicals and other assaults on their DNA. And if that fails, 

there’s a further defence mechanism: just kill off any 

damaged cells as quickly as possible.

“Mouse cells continue to divide even with DNA damage, 

which can cause cancer, but naked mole rat cells don’t,” 

he says. “In mice, this damage doesn’t really matter 

because their evolutionary priority is to reproduce very 

quickly and then die. But because naked mole rats live for 

longer, even a cell with a little bit of DNA damage has to be 

prevented from dividing and killed off.”

Now, de Magalhães wants to use genetic engineering 

to create mice carrying naked mole rat versions of 

certain genes. This would help him to find out whether 

these genes affect the mice’s ability to repair damaged 

DNA or other processes that could contribute to a long 

and healthy life. And once we find out, we might be able 

to use these effects for ourselves. “We may be able to 

apply these biological tricks to retard ageing or age-

related diseases in humans,” he says.

With their amazing ability to cheat death and stay 

spritely for years, it’s unsurprising that naked mole rats 

have caught the eye of companies and entrepreneurs, 

particularly Silicon Valley tech gurus who seem 

determined to live forever. Google’s secretive Calico Labs 

has reportedly established its own colony, hoping to 

develop new anti-ageing drugs based on its discoveries. 

Whatever they find, some of it may already have rubbed 

off on Faulkes. “One of my friends told me I looked 10 

years younger than my age,” he laughs. “I told them it 

must be something coming from the mole rats!” 

ABOVE: Only the 
mole rat queen 
gives birth to 
babies, but the 
workers will  
help care for  
the young

Kat Arney is a London-based science writer and broadcaster. Her 

book Herding Hemingway’s Cats: Understanding How Our Genes 

Work is out now
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Students have long been taught that all projectiles follow a 

curved path known as a parabola. The explanation is that as 

they fly, they cover distance both horizontally and vertically 

– but only the latter is affected by the force of gravity, which 

bends the path of the projectile into a parabola. For long-

range rockets, things are more complex. For example, air 

resistance must be taken into account. But even ignoring 

that, a projectile doesn’t really follow a parabola – because 

the Earth isn’t flat. This means that gravity doesn’t simply pull 

objects straight back down. Instead, it pulls them towards the 

centre of the Earth, whose direction changes as the projectile 

moves further down-range, away from the launch site. 

Detailed calculations then reveal that the true trajectory is not 

a parabola, but part of an ellipse.  RM

Why do rockets 
follow a parabola 
after launch?
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You can still have a fairly normal life 

without one of your lungs, a kidney, 

your spleen, appendix, gall bladder, 

adenoids, tonsils, plus some of 

your lymph nodes, the fibula bones 

from each leg and six of your ribs. 

Losing your uterus, ovaries and 

breasts, or your testicles and 

prostate, is also quite survivable, 

although you might need hormone 

therapy to avoid other long-term 

problems, such as brittle bones. 

If you allow yourself artificial 

replacements and medication, 

we can go further and remove 

your stomach, colon, pancreas, 

salivary glands, thyroid, bladder 

and your other kidney. Still not 

enough for you? Theoretically, 

surgeons could amputate all of 

your limbs, and remove your 

eyes, nose, ears, larynx, tongue, 

lower spine and rectum. 

Supported by machines in an 

intensive care unit, they could 

also take away your skull, heart 

and your remaining lung, at least 

for a short while. 

This adds up to a theoretically 

survivable loss of around 45 per 

cent of your total body mass. But 

any trauma that destroyed all 

these organs all at once would 

almost certainly kill you from 

shock and blood loss. And 

surgically removing them one at a 

time over many months would 

likely also be fatal, due to 

infections in your immune-

compromised state.  LV

How many organs 
could you lose and 
still live?

Talking in our heads is referred to by psychologists as ‘inner 

speech’. It involves some similar processes to ‘overt’ speech – it 

recruits brain regions involved in language, such as the Broca’s 

and Wernicke’s areas, and is even accompanied by minute 

muscle movements in the larynx. However, there are notable 

differences too, with brain areas useful in inhibiting overt speech 

playing a greater role in inner speech. The exact brain 

mechanisms involved may come down to why we are talking in 

our heads in the first place. For example, when we read a book, 

brain regions involved in attention may be more active than 

when we are mentally preparing for a race. AGr

How do we talk in our heads?

Even after passing through water treatment plants, small 

quantities of chemical compounds from cleaning products 

can find their way into rivers, ponds and lakes and have 

adverse effects on aquatic life. Phosphates in laundry and 

dishwasher detergent have a fertilising effect, triggering the 

widespread growth of algae that saps away the water’s 

oxygen, reducing biodiversity. By reducing water tension, 

surfactants allow other pollutants in water bodies to be 

absorbed more easily by plants and animals. Many other 

compounds can be toxic to wildlife, or affect growth and 

reproduction, for instance by mimicking the effects of 

hormones in mammals and fish. AFC

How do household cleaning products 
affect the environment?

Sorry, but we’re 
about to get very 
creepy in the name 
of science…
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What would happen if all Earth’s insects vanished?
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1. FOOD CHAIN COLLAPSE
Most non-marine food chains depend on insects. 

Almost all birds eat insects, and even those that eat 

seeds as adults still feed insects to their young. It 

takes 200,000 insects to raise a swallow chick to 

adulthood. Insects also break down plant matter and 

help recycle nutrients into the soil. Without any 

insects at all, most bird and amphibian species would 

be extinct in two months.

2. NO POLLINATION
Of the world’s food crops, 75 per cent are pollinated 

by insects. Without insects, we could still grow many 

foods, but onions, cabbage, broccoli, chillies, most 

varieties of tomato, coffee, cocoa and most fruits 

would be off the menu. So would sunflower and 

rapeseed oil. Demand for synthetic fibres would also 

surge because bees are needed to pollinate both 

cotton and flax for linen.

3. LESS INSECTICIDE
On the plus side, if there were no longer any 

insects, we wouldn’t need the 430,000 tonnes of 

insecticides that are sprayed onto crops every 

year. In the US, pesticide residues cause between 

4,000 and 20,000 cases of cancer each year, 

according to the National Academy of Sciences. 

But this is a small compensation for total 

ecological collapse and global famine.

T H E  T H O U G H T  E X P E R I M E N T

At -269°C, helium gas 

condenses to become a liquid. 

Cool it even further and it 

becomes a state of matter 

called a superfluid. In this state 

it has no measurable viscosity 

and so does some odd things, 

such as climbing up the walls of 

a dish, leaking through 

apparently solid materials and 

staying motionless while its 

container is spun. To create the 

liquid and superfluid states, you 

cool down helium gas to a few 

degrees above absolute zero. 

This is achieved by 

compressing the gas, and then 

expelling it through a small 

nozzle. As the gas expands, it 

rapidly cools (you’ll have 

noticed this effect if you’ve ever 

used an aerosol deodorant). 

The process is repeated until 

the gas that rushes out of the 

nozzle is cold enough to 

condense to a liquid, then if you 

repeat the cycle a few more 

times the helium will become 

cold enough to turn to a 

superfluid. ML

How is helium turned into a liquid 
and a superfluid?

Could you throw a frisbee on Mars?

Since the Martian atmosphere is about 100 times less dense 

than Earth’s, the ‘lift’ a frisbee experiences would also be about 

100 times less. But the gravitational force on Mars is about a 

third of that on Earth, so a frisbee on Mars would act as if it is 

about 33 times heavier (100/3). Since the lift depends on the size 

of the frisbee, the angle of attack and the velocity it is thrown (as 

well as the air density), it would still be possible to make a frisbee 

glide, but it would require much more effort on the part of the 

thrower! AGu
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Beer typically has around 40 calories per 100ml (one pint 

= 568ml). To get your daily 2,000 calories just from beer, 

you’d need to drink 11 pints every day, which is hardly 

healthy. But the alcohol is the least of your problems. 

Beer, even real ale or Guinness, contains no fat, almost 

no protein and – crucially – no vitamin C. Without any 

source of vitamin C, you’ll experience symptoms of 

scurvy in two or three months and be dead in six. LV

Just as the placebo effect causes positive 

results if you believe you are taking 

beneficial medicine, there is a negative 

version, called the nocebo effect. This 

creates harmful effects such as pain, high 

blood pressure, dizziness and rashes if you 

believe that these are possible side effects 

of the medication you have been given, 

even though it’s a placebo. LV

How long could 
you survive on 
beer alone?

Can the placebo 
effect harm you?
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While age is usually thought of as just the number of years you’ve been alive, people 

with identical ages often look – and seem – very different. In 2015, scientists at 

King’s College London published research suggesting that measuring the activity 

of around 150 specific genes gives a measure of ‘biological age’ linked more 

strongly to longevity than mere chronology. But genetic activity is only one factor 

differentiating biological and chronological age. Exercise, diet and weight can also 

make a big difference. This has led to various questionnaires – such as the BBC’s 

online quiz ‘What’s My Real Age?’ (bit.ly/age_quiz) – which can give clues about your 

current ‘real’ age, and offer advice on what you can do about it. When using these 

quizzes, do bear in mind that some of the measures are still controversial. RM

What is being done to preserve Pompeii?

Humans need to sweat to survive in warm 

conditions, and that’s only possible if the 

combination of temperature and humidity – 

known as the wet-bulb temperature – stays 

below around 35°C. According to a 2012 study 

by scientists at MIT, this limit could be reached 

globally if our planet warms by around 12°C. 

Fortunately, few scientists think global warming 

will do this in the foreseeable future.  RM

How hot could Earth get before  
it’s uninhabitable for humans?

I N  N U M B E R S

The number of wildebeest 
that drown during the 
migration every year.

The percentage of the 
world’s population who eat 

chillies every day.

25

6000

The number of tiny needles 
embedded into a painless 
skin patch vaccine that 
could be used instead of 

traditional syringes.

100

QA&
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Antarctic icefish have colourless blood with no red blood cells and no 

haemoglobin, the oxygen-carrying pigment. This probably 

comes down to a genetic mutation, and means their 

blood carries 90 per cent less oxygen than red blood. 

They survive partly because frigid Antarctic 

waters are oxygen-rich. Icefish also have 

enormous hearts that pump huge volumes 

of blood around their bodies, making 

sure they get enough oxygen. 

Antifreeze in their blood stops 

them from freezing (the salty 

Southern Ocean gets down 

to -2°C) but as they are so 

well-adapted to the cold, 

their future in a warming world 

remains uncertain. HS

Why do some fish have 
colourless blood?

W H AT  H A P P E N S  I N  M Y  B O D Y…

1. Pituitary gland
During non-REM sleep, the pituitary gland produces 

growth hormone and secretes prolactin. This 

counteracts dopamine, to lower general arousal levels.

4. Heart
Your pulse drops by 10-30bpm while you sleep, lowering 

your blood pressure. Less blood flows to the brain, and 

more is diverted to your muscles.

5. Limbs
The extra blood swells your arms and legs slightly. 

Muscles are paralysed while dreaming, but between 

dreams you change sleeping position 35 times a night.

6. Bladder
Vasopressin hormone levels rise. This reduces the 

amount of urine collected in the bladder to between a 

half and a third of normal daytime levels.

2. Mouth
You produce less saliva, which reduces the need to 

swallow. Five per cent of adults also grind their teeth at 

night, mostly during the early stages of sleep.

3. Lungs
The throat muscles relax so your airway narrows when 

inhaling. This can cause snoring, or temporarily halt your 

breathing for a few seconds (sleep apnoea).

...WHEN I SLEEP?
Sleep consists of two radically different physiological states. There is rapid eye movement sleep (REM) and non-rapid eye movement sleep 

(NREM). The sleep stages seem to have different functions, but why we sleep is still not completely understood. Babies spend half of their 

sleep in REM, but this drops to a quarter by the age of two. It is therefore thought that REM sleep is particularly vital for the developing brain. 

In NREM sleep, brain activity slows and a person woken at this stage may feel groggy.
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Does holding your breath make you stronger?

It won’t make you stronger in the sense 

of building muscle in your heart or 

diaphragm, but holding your breath while 

training for certain sports has been shown 

to improve the ability of your muscles to 

cope with short, intense exertions. This 

works by increasing the concentration of 

bicarbonate in the blood, which helps to 

neutralise the lactic acid produced during 

anaerobic exercise. For this technique to 

work, you need to exhale normally and 

hold your breath when your lungs are 

empty, rather than taking a big breath in 

and holding that. There are significant 

risks, though. 

A 2009 study found that free divers 

who regularly held their breath for several 

minutes had elevated levels of a protein 

called S100B in their blood, which is an 

indication of long-term brain damage. LV
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Stars die because they exhaust their 

nuclear fuel. The events at the end of a 

star’s life depend on its mass. Really 

massive stars use up their hydrogen 

fuel quickly, but are hot enough to fuse 

heavier elements such as helium and 

carbon. Once there is no fuel left, the 

star collapses and the outer layers 

explode as a ‘supernova’. What’s left 

over after a supernova explosion is a 

‘neutron star’ – the collapsed core of 

the star – or, if there’s sufficient mass, 

a black hole. 

Average-sized stars (up to about 1.4 

times the mass of the Sun) will die less 

dramatically. As their hydrogen is used 

up, they swell to become red giants, 

fusing helium in their cores, before 

shedding their outer layers, often 

forming a ‘planetary nebula’. The 

star’s core remains as a ‘white dwarf’, 

which cools off over billions of years. 

The tiniest stars, known as ‘red 

dwarfs’, burn their nuclear fuel so 

slowly that they might live to be 100 

billion years old – much older than the 

current age of the Universe. AGu

How do  
stars die?
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W H AT ’ S  I N . . .

There are two ways that hand creams act to moisturise your skin. Occlusive 

agents form a barrier that traps water, while humectants attract more water to 

your skin. The problem is that the humectants are water soluble, while the 

occlusive agents dissolve in oil. So to get them to mix in an easy-to-use 

formulation, the creams also need an emulsification system.  ML

...Hand Cream

PRESERVATIVES  
AND FRAGRANCE

2.5 per cent
These improve the product’s shelf 

life and make it smell nice.

THICKENERS
5 per cent

PEG or polyacrylic acid (which may 

appear as carbomer on the label) are 

long polymer molecules that 

increase the viscosity of the cream, 

making it easier to apply.

EMUSIFIER
2.5 per cent

Glyceryl stearate and stearic acid 

help to stabilise the oil/water 

mixture.

GLYCERINE
3 per cent

Is a typical humectant used to draw 

water in from the atmosphere.

FATS AND OILS
7 per cent

Coconut oil, petroleum jelly or lanolin (a 

waxy substance secreted by woolly 

animals such as sheep) might be used 

as occlusive agents that form a barrier 

to block escaping water.

WATER
80 per cent

Gives the cream volume and 

dissolves some ingredients.



When we sleep, a lot goes on in our 

bodies. We continue to breathe and 

growth hormone is released – we do not 

need to be awake for these things to 

happen. Similarly, we have some 

awareness of our body position and 

movements, and some people even 

manage to sit up or walk during their 

sleep! Most of us have enough 

awareness to ensure that we do not fall 

out of bed, but this ability develops 

over time. Young children are still 

growing and understanding 

how their bodies fit into the 

world around them, which is 

why they might benefit from a 

bedrail. AGr

Why does 37°C feel 
so hot when our  
bodies are at that 
temperature already?

Why do champagne bubbles rise from the 
bottom of a glass?

The bubbles are filled with carbon dioxide (CO
2
), a gas 800 times 

less dense than the surrounding liquid. Molecules of this gas 

accumulating in imperfections in the glass and start to form a 

bubble, whose low density supplies enough buoyancy to break off 

and float towards the surface. In the process they run into more 

molecules, making the bubble even bigger and more buoyant, and 

accelerating its ascent. RM
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If your champagne glasses are 
grubby, bubbles will form on the 

specks of dirt, betraying your 
shoddy washing-up skills



Hailed as the biggest breakthrough in 

genetic science this century, CRISPR is 

shorthand for a molecular toolkit that allows 

scientists to make precise changes to the 

genetic code of living organisms. Strictly 

speaking, the acronym stands for ‘clustered 

regularly interspaced short palindromic 

repeats’, a pattern in the DNA of bacteria 

first noticed by 1987. For years the role of 

this pattern was mysterious, but in the mid-

2000s clues emerged that suggested it was 

part of the antivirus defence system of 

bacteria. Studies showed bacteria took 

sections of a virus’s DNA and built it into 

their own genome using an enzyme 

codenamed Cas. The resulting CRISPR 

sequences then allowed the bacteria to 

detect an attack and fight back. But the key 

breakthrough came in 2012, when teams in 

the US and Europe led by Jennifer Doudna 

and Emmanuelle Charpentier showed how 

the defence system could be turned into a 

‘cut and paste’ tool for editing gene 

sequences. However, another US team beat 

them to a patent for using the method on 

human cells, sparking a legal row over 

priority – and last February, the US patent 

office ruled against Doudna and 

Charpentier. Despite this, they remain 

widely credited as the real pioneers of 

CRISPR by fellow scientists.  RM

W H O  R E A L LY  D I S C O V E R E D ?

CRISPR

EMMANUELLE CHARPENTIER AND 
JENNIFER DOUDNA

BROAD INSTITUTE

QA&
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Do trees reduce air pollution levels?
The relationship between trees and air 

pollution is a complicated one. 

Particulate matter suspended in polluted 

air tends to settle onto leaves, and 

certain gases including nitrous dioxide 

(NO2) are absorbed by leaves’ stomata, 

filtering the air and reducing pollution 

levels slightly. But trees and other 

vegetation also restrict airflow in their 

immediate vicinity, preventing pollution 

from being diluted by currents of cleaner 

air. In particular, tall trees with thick 

canopies planted alongside busy roads 

can act like a roof, trapping pockets of 

polluted air at ground level. To reliably 

improve air quality, city planners need to 

give careful consideration to how trees 

are placed. AFC

How does 
physical exercise 
help reduce stress?
Research clearly shows that physical exercise 

can reduce stress and anxiety, but it’s less 

clear how this occurs. Multiple mechanisms 

are likely to be important. Exercise can help 

to reduce the body’s response to stress by 

boosting serotonin levels in the brain. It 

can also give us a sense of achievement 

and increase our self-esteem, which can 

provide psychological routes by which 

to reduce stress. Finally, research 

shows that exercise taken in moderate 

amounts and at appropriate times 

of the day can improve our sleep. 

Good sleep quality can help us 

to regulate our emotions and 

therefore provides another way in 

which physical exercise helps to 

reduce stress.  LV
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ALTERING PERCEPTIONS
This creepy-looking robot, called 

Alter, was designed by scientists in 

Japan. The robot is connected up to 

electronic sensors that detect minute 

changes in the environment. These 

differences in temperature, humidity 

or other elements will influence the 

robot’s movements, which are 

controlled by a brain-like neural 

network without any input from 

humans. 
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W H AT  C O N N E C T S …

…FROGS AND FRESH 
MILK?

1.
Frogs, like all 
amphibians, 

have thin, 
porous skin that 

they can breathe 
through. But 

this also poses a 
risk because it makes it easier 

for bacteria to infect them.

2.
To protect 
themselves, frogs 
secrete substances 
called cationic antimicrobial 
peptides (CAMPs). Other 
animals secrete CAMPs too, but 
frogs produce much more, 
including some peptides that 
are effective against multi-
resistant bacteria.

3.
Milk goes off 

because of 
bacteria, 

especially species 
of Lactobacilli and 

Pseudomonas. These ferment 
the lactose in milk into lactic 

acid, and hydrolyse milk 
proteins into various unpleasant 

tasting by-products.

4.
According to Russian folklore, putting 
a live frog in milk would help it stay 
fresh. Recent research 
has found that 
CAMPs from the 
Russian brown 
frog could kill the 
bacteria in milk 
and prevent it from 
turning.
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What is the biggest a moon can be in 
relation to its mother planet?
A ‘moon’ is an astronomical body that 

orbits a planet; the definition doesn’t 

involve size. So, a ‘moon’ could be a small 

rock or it could be as large as its ‘parent’. 

However, similar-sized objects orbiting 

each other are normally called ‘double’ (for 

example, Pluto-Charon is often considered 

a ‘double dwarf planet’). But the distinction 

between ‘double’ and ‘parent-moon’ 

systems is not officially defined. Some 

astronomers define a ‘parent-moon’ 

system as one that has the point about 

which both objects orbit (the barycenter) 

inside the larger object, but this distinction 

is quite arbitrary because it depends on 

both size and separation.  AGu

Do seagulls drink seawater? And if so, 
how do they deal with the salt?
All seabirds drink seawater – yet birds have 

less efficient kidneys than mammals, and 

so excess salt is even more toxic to them 

than to us. Seabirds cope with this by using 

specialised salt glands next to their eye 

sockets. These look like miniature kidneys 

and work in a similar way, pumping salt ions 

out of the bloodstream against the normal 

flow of osmosis. The extra-salty water drips 

down the side of their beak.  LV



Do all fish and 
shellfish contain 
mercury?

Mr Trash Wheel

H O W  I T  W O R K S

At the mouth of the Jones Falls River, where it feeds into Baltimore Harbour in the US, sits Mr Trash Wheel. Since 2014, 

this semi-autonomous floating rubbish collector has scooped up more than 500 tonnes of detritus, including 

9,000,000 cigarette butts, 492,000 coffee cups and 376,000 crisp packets. Mr Trash Wheel cost US$720,000 to build, 

and has now been joined by Professor Trash Wheel, a ‘female’ version in a different part of the harbour.

Mercury levels in the oceans have tripled since the 

Industrial Revolution, thanks to mining and the burning 

of fossil fuels. All sea creatures absorb some of this 

heavy metal directly, and once it’s in the body there’s 

no way of getting rid of it. The amount of mercury in fish 

varies between species. Long-lived predators like tuna 

and swordfish tend to contain the most, because they 

also absorb mercury from their prey and they’ve had a 

long time to accumulate it. The lowest levels are found 

in short-lived species lower down the food chain, such 

as oysters and shrimp. HS

5.
Most of the rubbish isn’t 

thrown in the river 

directly – it’s land litter, 

washed in by the rain.  

A heavy storm can fill 12 

skips!

1.
The river current drives 

trash toward floating 

booms, which funnel 

rubbish to Mr Trash 

Wheel’s mouth. Long 

forks attached to a 

conveyor collect and 

compact the debris.

3.
A second conveyor 

belt scoops up the 

rubbish, drains away 

the water and carries 

the rest into a skip on 

a separate floating 

barge.

2.
The conveyors are 

powered by a water 

wheel fed by the river 

current. When the 

flow isn’t fast 

enough, solar panels 

can take over.

4.
As each skip fills, it’s 

towed away and the 

rubbish is incinerated  

to generate electricity.
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RESOURCE A FEAST FOR THE MIND

Are we really breathing in some 
of Caesar’s last breath?
The story goes that in 44 BC in Rome, 

Julius Caesar was assassinated by a 

group of his own senators, crumpling 

to the floor with a final gasp. This last 

breath contained around 25 sextillion 

(that’s 25 followed by 21 zeroes) air 

molecules, which would have spread 

around the globe within a couple of 

years. A breath seems like such a 

small thing compared to the Earth’s 

atmosphere, but remarkably, if you do 

the math, you’ll find that roughly one 

molecule of Caesar’s air will appear in 

your next breath. 

And it doesn’t stop there. In the 

same way, you might currently be 

inhaling Cleopatra’s perfume, German 

mustard gas and even particles 

exhaled by dinosaurs.

SHARE A BREATH WITH CAESAR
With every breath, we inhale the story of our planet. Sam Kean, author of Caesar’s 
Last Breath, tells us about the remarkable history of the air around us

What exactly are these air 
molecules?
Nitrogen and oxygen are the main 

ingredients of air, making up 99 per 

cent, but that extra 1 per cent is still 

really important. It’s like a glass of 

wine: most of the wine is alcohol and 

water, but there are all these extra 

overtones and flavours, too. In air, 

this 1 per cent is responsible for all of 

global warming as well as all scents 

and perfumes. It includes carbon 

dioxide, nitrous oxide (laughing gas), 

assorted pollutants and volcano 

exhaust. 

The ingredients of air reveal the 

world’s entire history. Some of them 

have been around since the early days 

of the planet, while some only arose 

with the arrival of life, or with human 

civilisation.

Where did our atmosphere 
come from?
We’ve actually had four different 

atmospheres in the Earth’s history. 

The first was a wispy leftover from 

our planet’s formation, and soon got 

blown away. The next came from 

the ground, seeping out of cracks in 

the Earth’s surface – mostly carbon 

dioxide and water vapour, but also 

gases such as sulphur dioxide and 

hydrogen sulphide. Atmosphere 

number three was dominated by 

nitrogen, emitted from volcanic vents in 

relatively small quantities, but capable 

of sticking around for a long time. 

And finally, oxygen began to build up 

in the atmosphere thanks to early, 

photosynthesising life forms. This paved 

the way for an oxygen-rich atmosphere 

that could support complex life.

CAESAR’S LAST 
BREATH
BY SAM KEAN
OUT NOW
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FALLING 
UPWARDS 
BY RICHARD 
HOLMES  
OUT NOW

FROM 
ALCHEMY TO 
CHEMISTRY  
IN PICTURE  
AND STORY 
BY ARTHUR 
GREENBERG  
OUT NOW

BEYOND UFOS 
BY  JEFFREY 
BENNETT  
OUT NOW

AUTHOR’S 
BOOKSHELF
Three books that inspired 
Sam Kean while writing 
Caesar’s Last Breath

“Holmes writes the best kind of 

science books, capturing exactly 

the wonder and awe that attract 

people to science, and that help 

pack museums and natural parks 

around the world. This book 

resurrects the miracle of flight in 

the days before airplanes.”

“A fascinating book about the 

painful, complicated, and 

sometimes amusing transition 

that turned disreputable 

alchemists into the lions of 

modern chemistry. Encyclopaedic 

and lavishly illustrated.”

“The first signs of alien life almost 

certainly won’t be hovering UFOs, 

but subtle traces of gases in the 

atmospheres of distant planets. 

Bennett’s book captures the 

magnitude of the quest for alien 

life, and its incredible implications 

for humanity.”

Julius Caesar has 
been dead for 2,061 
years, but the air he 
breathed is still in 
circulation

If you wanted to travel back in a time 

machine to the Earth’s distant past 

and take a deep breath outside, you’d 

only be able to go back a few hundred 

million years – it’s only very recently in 

our planet’s history that there’s been 

enough oxygen to sustain us.

How is the air we breathe 
changing?
The atmosphere is like a living thing 

– it’s constantly evolving. The rates of 

carbon dioxide and other greenhouse 

gases are increasing, and the air is 

more radioactive now because we’re 

still dealing with fallout from 1950s 

nuclear weapons tests. 

We also see a lot more complex, 

human-made molecules in the air 

today. If aliens were to look at our 

planet’s atmosphere, the presence of 

these gases would be a good sign that 

the Earth harbours life. Likewise, the 

next generation of telescopes should 

allow us to start looking for these 

complicated gases in the atmospheres 

of distant exoplanets, helping us 

to search for the best candidates for 

extraterrestrial life. 

I think it’s also inevitable that we’ll find 

an exoplanet with a great mix of gases 

for us to survive on. The hard part will be 

figuring out how to get there.

What other interesting stories did 
you uncover about the air?
One of my favourites involves Charles 

Dickens. In his 1853 novel Bleak House, 

a character called Krook appears to 

spontaneously combust, turning into 

a pile of ash. At the time, scientists 

were beginning to figure out how 

breathing works, and they were also 

starting to make connections between 

burning and the oxygen in air. So some 

people thought that if we have a lot of 

oxygen in our bodies, maybe we could 

spontaneously ignite. It’s possible that 

these ideas influenced Dickens, along 

with eyewitness accounts. But now, of 

course, we know it’s not possible. The 

body is up to 75 per cent water, and 

even the worst fever doesn’t get us hot 

enough to start a fire.
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TIME OUT

CROSSWORD PUZZLE 
BACK BY POPULAR DEMAND

ACROSS

DOWN
1 Sailor finds two chaps different (8)

2 Fastening in series (6)

3 Clean out receptacle first for compass  

 housing (8)

4 Mad poet takes back the old cactus (6)

5 About soldier getting by returning  

 rodent (8)

6 Shop around with quiet deity for  

 element (10)

7 Only aim – repair and maintenance (7)

8 One insect let off another (6)

11 Messianic muslim leader (7)

16 Almost notice fellow in hat (6)

19 Eyelashes sound more ridiculous (5)

20 Scan for a feline (3)

22 First character donated a plant (5)

23 Reptile seen at our lowest point (6)

25 Celebrity in base two forms double 

 act (6,4)

26 Hygiene problem unknown  

 to youngster (3)

27 Two doctors when reaching a port (7)

30 Pet rolls around for opinion seeker (8)

31 Wise man follows Reds playing 

 sport (8)

32 Heard character get full without  

 alcohol (8)

33 Limb treated around university – one  

 with a disorder (7)

35 Gossip about the French villa (6) 

36 Quarrel with a novice in old social  

 system (6)

37 Everyone has hesitation about one  

 plant genus (6)

9 Lump of rock makes hotel a bit dilapidated (9)

10 I will yearn outwardly to get a plant (8)

12 Brooding about god (4)

13 Nose on your first comic strip character (6)

14 Stop my transformation to medium manifestation (7)

15 Frequency of seeing huge bike (9)

17 Hate a menu devised in institute of learning (9)

18 Miss performance in sugar (7)

20 Terrible hack takes artist to major energy centre (6)

21 Irritating woman takes hard currency (4)

24 Set of characters laugh during a record wager (8)

26 Evil bats ruin Isle of Wight event (8)

28 The shape of cricket in London (4)

29 Quick to photograph pretty edges (6)

31 Cited problem with a student jargon (7)

34 Notes, terribly queer, left some radioactivity (9)

36 Bird has filed away ticket money (9)

38 Strike-breaker is catching English disease (7)

39 Crush a vegetable (6)

40 Voice changes a lot (4) 

41 Legacy affected their time (8)

42 Old port may get repeatedly bitter (9)

ANSWERS
Solution to crossword in the 

previous issue
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MY LIFE SCIENTIFIC

What do you do? 
It’s my job to provide leadership to the international polar 

community and to manage and represent the British Antarctic 

Survey. That includes overseeing all of our science, our research 

stations in Antarctica, the people who live and work there, and our 

aircraft and ships. We currently have two ships, and the RRS Sir 

David Attenborough which is being built. 

And the infamous Boaty McBoatface? 
Yes. Boaty McBoatface was the name given to the small robotic 

subs that will be launched from the ship. The original naming 

competition was run by the Natural Environment Research 

Council, of which we are part. I think it’s great that Boaty will be  

gliding through the oceans collecting important data to help 

explain the role of oceans in climate change. 

How many times have you been to Antarctica? 
I’ve lost count. I’m a geologist by training. I used to go on regular 

field trips and spend months at a time living in a tent. Fifty million 

years ago, the climate was much warmer and Antarctica was 

covered in dense, green forests. I’d go looking for plant fossils 

from this time. If we want to understand future climate change, it’s 

important to learn from the past.

What’s it like working in such an extreme location? 
I love it because it’s so remote. The tents, which are similar to the 

ones that early polar explorers used, are snug and windproof. It 

used to take me around three days to really forget about the rest 

of the world. After that, the only things I’d concentrate on were 

my work, the weather – because it can change so suddenly – and 

what we were going to have for dinner that night. Food became a 

major preoccupation. 

What’s a typical meal in the Antarctic? 
It varies. Breakfast would be sugary porridge, washed down by 

loads of tea to avoid dehydration. Then we’d walk for miles to 

make observations and collect rocks, and stop in a sheltered gully 

for a lunch of maybe biscuits, canned cheese and Marmite… and 

lots of milk chocolate. Then we’d cook in the tent in the evening. IL
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DAME JANE FRANCIS

Prof Jane Francis is the director of the British Antarctic Survey. In 2017 she 

became a dame, in recognition of her outstanding contribution to polar science

Dame Jane Francis, director of the British Antarctic 
Survey, tells Helen Pilcher about the pleasures of polar 
research, and how not to make ice cream in Antarctica

“I love it because it’s so 
remote. It used to take me 
three days to forget about the 
rest of the world”

One of the things you notice is that you lose your sense of taste. 

We end up putting tonnes of curry powder in our food to make it 

really punchy. 

Any puddings? Arctic roll? 
I did try to make ice cream once. I mixed milk powder, a bottle of 

vanilla essence and water then put it outside the tent to freeze. 

At -25°C, we figured it would be ready in about five minutes, but 

half an hour later it was still runny. In the end, we left it outside for 

a week, and it still didn’t set. We later discovered it was synthetic 

vanilla, essentially made from antifreeze chemicals. We found it 

funny that we couldn’t make ice cream in Antarctica! 

How does one go to the toilet in Antarctica?
We have a small toilet tent on the edge of camp that has a special 

plastic tub with a seat on. When the tub is full it’s sealed then 

taken away from Antarctica and incinerated. There are strict 

environmental laws to make sure that we leave Antarctica as 

beautiful and pristine as we find it. 
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THE LAST WORD

ew will lose sleep over news that the Three 

Mile Island nuclear plant in Pennsylvania, 

scene of the worst nuclear accident in US 

history, is to close.

What happened there on 28 March 1979 showed 

the world how small things count for a lot when it 

comes to nuclear safety. A single faulty valve and 

some dodgy instrumentation led to one of the plant’s 

reactor cores melting, resulting in the release of 

radioactive material, and almost 200,000 people 

fleeing the area. 

Many of them probably feared they were about 

to witness the so-called China Syndrome, where 

the incredibly hot reactor core burns through its 

containment vessel, then the ground beneath – and 

doesn’t stop until it emerges somewhere in China. 

That sounds like some ludicrous scenario for a 

Hollywood disaster movie – and that’s exactly what 

it is. Just days before the ‘TMI’ accident, cinemas in 

the US began screening a movie called The China 

Syndrome, about a nuclear plant that goes out 

of control… because of faulty equipment and 

misleading instruments.

Nuclear industry experts dismissed the 

plot as fanciful. One even told the The New 

York Times he simply did not believe a 

serious accident could ever happen. As 

statements by the nuclear industry go, 

that’s right up there with its claim in the 

1950s that it would one day produce 

electricity “too cheap to meter”.

While the China Syndrome might 

be nonsense, TMI proved to be 

a real-life disaster for the nuclear 

industry. Construction of a new 

plant in the US had already slowed 

through falling demand for energy 

and – ironically – the punitive cost of 

all the safety measures. TMI stopped 

projects dead. Over 100 orders for 

new reactors were cancelled, and 

not a single new power plant was 

built in the US until 2013.

In the intervening years, opponents 

of nuclear power seemingly saw their 

case bolstered by the disasters at 

Chernobyl in 1986 and Fukushima 

in 2011. But something else happened as well. Some 

of the best-known names in the environmentalist 

movement – James Lovelock, George Monbiot and 

Stewart Brand among them – came out as advocates of 

nuclear power. Their argument was simple. Yes, nuclear 

energy is potentially dangerous, but the ‘disasters’ 

have to be put in context. They took place in plants 

based on obsolete designs, and in the case of TMI and 

Fukushima the radiation released killed no one. 

According to international estimates, the Chernobyl 

disaster will eventually lead to 4,000 premature deaths. 

A terrible toll, to be sure – but far smaller than the WHO 

estimate of seven million deaths due to fossil fuel-

generated air pollution each year. As Monbiot pointed 

out in his volte-face, nuclear power is preferable to 

fossil fuels on every measure, from global warming 

potential and local pollution to industrial energy – and, 

yes, fatalities. Most importantly of all, it’s a vital source 

of reliable, carbon-free energy.

But what about all the deadly nuclear waste, 

produced in huge quantities even if nuclear 

power stations don’t explode? Safe methods 

for dealing with that were developed 

decades ago, prompting Lovelock to declare 

he’d be happy to store even the worst stuff 

in his garden. These brave dissenters 

believe today’s nuclear technology has 

a key role to play its part in combating 

climate change. And that means calling 

out the imaginary threats and wildly 

exaggerated accounts of real ones.

But now, just when we need it most, 

nuclear power is facing its biggest 

threat yet. It’s the reason Three Mile 

Island will close in 2019, and no 

replacement built: soaring production 

of far cheaper shale gas and oil – ie, 

carbon-rich fossil fuels.

It’s hard to believe that’s where 

the eco-warriors wanted the world 

to be, 40 years after TMI, but that’s 

where we are. Way to go, guys. 
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Robert Matthews is a visiting professor in 

science at Aston University, Birmingham

ROBERT MATTHEWS ON… 
THE NUCLEAR OPTION
WHY WE SHOULD LEARN TO STOP WORRYING AND LOVE THE 
NUCLEAR REACTOR

“NUCLEAR 

POWER IS 

PREFERABLE TO 

FOSSIL FUELS 

ON EVERY 

MEASURE”
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